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APPEAL BRIEF 

L REAL PARTY IN INTEREST 

The real party in interest of the present application is Enzo Therapeutics, Inc., 
which is a subsidiary of Enzo Biochem., Inc. (hereinafter "Enzo"). Enzo is the owner 
of the present application by way of an assignment from the inventors, Brakel et al., 
of all rights, title, and interest. 

II. RELATED APPEALS AND INTERFERENCES 

There are no appeals or interferences related to the present application. 
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III. STATUS OF CLAIMS 

All of the pending claims are rejected. However, it was indicated in the 
Advisory Action dated December 20, 2005 that claims 20 and 40 are allowable. A 
copy of the pending claims is attached hereto in the Appendix. 

IV. STATUS OF AMENDMENTS 

After the Final Office Action dated September 26, 2000, the following were 
submitted by Appellants: a first amendment under 37 C.F.R. §1 .1 16 in response to 
the Office Action dated September 26, 2000 and a second amendment under 37 
C.F.R. §1 .1 16 was submitted with the Appeal Brief filed on July 19, 2004 and 
November 29, 2004. Advisory actions were issued in response to these 
amendments. Neither of these amendments were entered. 

V. SUMMARY OF INVENTION 

The present invention is directed to modified nucleotide compounds 
complementary to at least a portion of and effective to inhibit the function of an RNA 
of an organism when administered. These compounds are resistant to nucleases yet 
form an RNase H substrate when hybridized to a complementary RNA sequence. 
The next four pages show a table showing the support in the specification for each of 
the claims. 
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Claim 


Claim Elements 


Support in spec 


Modified 
nucleotide 
compound 
(claims 1 - 
19) 


1 


MNg M, (N),M(N)y , (N), M(N)y M, 
B(N),M(N)yand (N),M(N)yB 
wherein: 

N is a phosphodiester-linked 
modified or unmodified 2'- 
deoxynucleoside moiety; 
provided that at least one N is a 
phosphodiester-linked 
unmodified 2' deoxynucleoside 
moiety; 

M is a moiety that confers 
endonuclease resistance on said 
component and that contains at 
least one modified or unmodified 
nucleic acid base; 
B is a moiety that confers 
6xonLJCi6aS6 resistance lo ine 
terminus to which it is attached; 
X is an integer of at least 2; and 
v i<5 an intPQsr 


MN3M. (N),M(N)y. (N), 
M(N)yM, B(N),M(N)yand 
(In/x ivuNjyD, wnere y is u 
and accompanying 
definitions of N,M, B and 
X are provided on page 
5, lines 1 1 -20, and 
original claim 1 (see 
page 22, lines 3-1 2) 


Examples of (N)^M(N)y, 
(N),M(N)yM, B(N),M(N)y 
and (N),M(N)yB are 
provided in the 
specification and include 
TGACTTAGCTGCAT, 
TGACTTAGCTGCAT, 
TGACTTAGCIGCAT, 

Tr^APTTAriPTriPAT 
1 vjMO I _l_r\VJl V-/ 1 OV_/r\ 1 , 

TGACTTAGCTGCAT, 
TGGGGCTGCATG, 
CTGGGGCTGCAT (see 

1 dUlt; 1, jJciyc; i i, iiiico 

8, 9, 10, 11, 13, 16) 


2 


M and B are the same moiety 


Page 8, lines 17-19; 
original claim 2 (page 22, 
lines 14-15). 


3 


Compound when in complex with 
a complementary RNA, confers 
RNase H sensitivity to the RNA 


Page 6, lines 12-15; 
Example 4 (pages 18- 
19); original claim 3 
(page 22, lines 17-18) 


4 


N contains at least one adenine, 
guanine, thymine or cytosine 
moiety 


Page 8, line 16; original 
claim 4 (page 22, lines 
20-21) 
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Claim 


Claim Elements 


Support in Spec 


Modified 
nucleotide 
compound 
(claims 1- 
19) 


5 


N contains at least one uracil, 
inosine or 2, 6-diaminopurine 
moietv 


Page 7, line 21 ; original 
claim 5 (page 22, lines 23- 
24) 


6 


N contains at least one 5- 
halogenated uracil or cytosine or a 
substituted or unsubstituted 7- 
deazaguanine, 7-deazaadenine or 
7-deazainosine moietv 


Page 7, lines 21-23; original 
claim 6 (page 22, lines 26- 
28) 




7 


N contains at least one methylated 
adenine, guanine, thymine or 
cytosine moiety 


Page 7, line 23; original 
claim 7 (page 22, lines 30- 
31) 




8 


M is a C,- C4 all<ylphosphonate 
deoxynucelotide 


rage /, iine <;/, original 
claim 8 (page 22, lines 33- 
34) 




9 


IVI is a methylphosphonate 
deoxynucleotide 


Page 7, line 28; original 

claim 9 (page 22, lines 00- 
37) 




10 


M is an alphaphosphodiester 
2'deoxynucleoside 


Page 7, line 28; original 
claim 10 (page 23, lines 1-2) 




11 


M is an aminophosphonate, 
phosphotriester, phosphoramidate, 
carbamate or morpholino- 
substituted nucleotide 


Page 7, lines 30-32; original 
claim 1 1 (page 23, lines 3-5) 




12 


B is directly or indirectly attached 
to the deoxyribose moiety of at 
least one of the 3'-and 5'- terminal 
nucleotides 


Page 7, lines 34-36; original 
claim 12 (page 23, lines 7-9) 




13 


B is directly or indirectly attached 
to a hydroxyl group of the 
deoxyribose of at least one of the 
3'-and 5'- terminal nucleotides 


Original claim 13 (page 23, 
lines 11-13) 




14 


B is directly or indirectly attached 
to a phosphate moiety attached to 
the deoxyribose moiety of at least 
one of the 3'- and 5'- terminal 
nucleotides 


Original claim 13 (page 23, 
lines 15-17) 
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Claim 


Claim Elements 


Support in Specification 


IVIodified 
nucleotide 
compound 
(claims 1- 
19) 


15 


B Is selected from the group 
consisting of an interclating 
agent, an isourea a carbodiimide 
and an N-hydroxybenzotriazole 


Page 7, lines 36-38; 
original claim 1 5 (page 
23, lines 19-21) 




16 


B is a methylthiophosphonate 


Page 7, line 37; original 
claim 16 (page 23, lines 
23-24) 




17 


B is a polypeptide or protein 


Page 7, line 38; original 
claim 17 (page 23, lines 
26-27) 




18 


Includes at least one sequence 
of the formula (N)yM(N),B 
wherein B Is a modified or 
unmodified 2', 3'-dideoxyribose 
nucleotide 


Page 8, lines 1 -3 and 
original claim 1 8 (page 
23, lines 29-31) where 
y=0; TGGGGCTGCATG, 
CTGGGGCTGCAT (see 
Table 1 , page 1 1 , lines 
15 and 17) 




19 


y Is an integer selected from the 
group consisting of 2 or 3 


TGACTTAGCTGCAT, 
TGACTTAGCTGCAT; 
CTGGGGCTGCAT (see 
Table 1 , page 1 1 , lines 
8, 9 and 16) 


IVIodified 

nucleotide 

compound 


20 


contains at least one sequence 
having the formula MN3 M ; 
N is a phosphodiester-linked 
unmodified 2'-deoxynucleoside 
moiety containing at least one 
guanine, adenine, cytosine or 
thymine moiety; 
M is a methylphosphonate- 
containing deoxynucleotide 


Page 8, lines 13-19 and 
original claim 20 ( page 
23, bottom 2 lines and 
page 24, line 3). 
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Claim 


Claim Elements 


Support in Specification 


Method of 
inhibiting 
function of 


21 


Contacting the RNA, under 
conditions permissive of 
hybridization, with a modified 


Page 8, lines 21 -31 and 
original claim 21 (page 24, 
lines 5-1 9) where y=0 


an RNA 
(claims 21- 
39) 




nucleotide compound which 
includes at least one of the 
following complimentary 
component: MN3M, (N)xM(N)y, 
(N),M(N)yM, B(N),M(N)yand (N), 
M(N)yB where N, M, B, N, x and 
y are defined as in claimi 


Examples of (N)xM(N)y, 
(N),M(N)yM, B(N),M(N)y 
and (N)xM(N)yB are include 
TGACTTAGCTGCAT, 
TGACTTAGCTGCAT, 
TGACTTAGCTGCAT, 
TGACTIAGCTGCAT, 
TGACTTAGCTGCAT, 
TGGGGCTGCATG, 
CTGGGGCTGCAT (see 
Table 1 , page 1 1 , lines 8, 
9, 10, 11, 13, 16 and page 
1 9, lines 28-33) 




22 


RNA is contacted with a 
compound wherein M and B are 
the same moiety. 


Page 8, lines 17-19; 
original claim 22 (page 24, 
lines 21-23) 




23 


HNA IS coniaciea wiin a 
compound wherein N contains at 
least one adenine, guanine, 
thymine or cytosine moiety 


rage 0, iine id, original 
claim 23 (page 24, lines 
25-27) 




24 


RNA is contacted with a 
compound wherein N contains at 
least one uracil, Inosine or 2, 6- 
diaminopurine moiety 


Page 7, line 21 ; original 
claim 24 (page 24, lines 
29-30) 




25 


RNA is contacted with a 
compound wherein N contains at 
least one 5-halogenated uracil or 
cytosine or a substituted or 
unsubstituted 7-deazaguanine, 
7-deazaadenine or 7- 
deazainosine moiety 


Page 7, lines 22-24; 
original claim 7 (page 24, 
lines 32-34) 
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Claim 


Claim Elements 


Support In Specification 


Method of 
inhibiting 
function of 
an RNA 
(claims 21- 


26 


RNA is contacted with a 
compound wherein N contains at 
least one methylated adenine, 
guanine, thymine or cytosine 
moiety 


Page 7, line 23; original 
claim 26 (page 24, lines 
36-38) 


39) 


27 


RNA is contacted with a 
compound wherein M is a CrC4 
alkylphosphonate 


Page 7, line 27; original 
claim 27 (page 25, lines 1- 
2) 




28 


RNA is contacted with a 
compound wherein M is a 
methylphosphonate 


Page 7, line 28; original 
claim 28 (page 25, lines 4- 
5) 




29 


RNA is contacted with a 
compound wherein M is an 
alpha-phosphodiester 
2'deoxynucleoside 


Page 7, line 28; original 
claim 29 (page 25, lines 7- 
8) 




30 


RNA is contacted with a 
compound wherein M is an 
aminophosphonate, 
phosphotriester, 

Ul lUo|Jl lUl Cll 1 llUdlC?, KfCLl UCLll \Ji 

morpholino-substituted 
nucleotide 


Page 7, lines 30-32; 
original claim 30 (page 25, 
lines 10-13) 




31 


RNA is contacted with a 
compound wherein B is directly 
or indirectly attached to the 
deoxyribose moiety of at least 
nnp of thp ^^'-anri terminal 
nucleotides 


Page 7, lines 34-36; 
original claim 31 (page 25, 
lines 15-17) 




32 


RNA is contacted with a 
compound wherein B is directly 
or indirectly attached to a 
hydroxy! group of the 
deoxyribose of at least one of 
the 3'- and 5' terminal 
nucleotides. 


Original claim 32 (page 25, 
lines 19-21) 
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Claim 


Claim Elements 


Support in the Specification 


Method of 
inhibiting 
function of an 
RNA wherein 

DMA ir* 

HNA IS 

contacted 
with a 
compouna 
(claims 21- 
39) 


33 


B is directly or indirectly attached to 
a phosphate group attached to the 
deoxyribose moiety of at least one 
of the 3'-and 5'- terminal 
nucleotides 


Original claim 33 (page 25, 
lines 23-25) 


34 


B is selected from the group 
consisting of an intercalating agent, 
an isourea, a carbodiimide and an 
N-hydroxybenzotriazoie 


Page 7, lines 36-38; 
original claim 34 (page 25, 
lines 27-30) 




35 


B is a methylthiophosphonate 


Page 7, line 37; original 
claim 35 (page 25, lines 
32-33) 




OO 


B is a polypeptide or protein 


Page 7, line 38; original 
claim 36 (page 25, lines 
35-36) 






Compound includes at least one 
sequence of the formula (N)y M(N)xB 
wherein B is modified or unmodified 
2', 3'-dideoxyribose nucleotide 


Page 8, lines 1-3 ; original 
claim 18 (page 23, lines 
29-31 ) where y=0; 
TGGGGCTGCATG, 
CTGGGGCTGCAT (see 
Table 1 , pages 1 1 , lines 15 
and 17 and 19) 




38 


RNA is contacted with a compound 
wherein x is 2 or 3 


Page 8, line 4; original 
claim 38 (page 26, lines 5- 
6) 




OC7 


Modified nucleotide compound 
includes at least one sequence 
having the formula MN3M wherein N 
is a phosphodiester-linl<ed 
unmodified 2'-deoxynucleoside 
moiety containing at least one 
guanine, adenine, cytosine or 
thymine moiety and M is a 
methylphosphonate-containing 
deoxynucleoside 


Page 8, lines 17-26; 
original claim 39 (page 25, 
lines 7-12) 
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Claim 




Claim Elements 


Support in the Specification 


Method of 
identifying a 
nucleotide 
compound 


40 


Compound has a combination of 
nuclease resistance and the 
ability to form an RNase H 
substrate when in complex with 
an RNA, Method comprises: 
(l)preparing modified nucleotide 
compounds; 
(ii)selecting by exo-and 
endonuclease digestion those 
modified nucleotide compounds 
(i) which are nuclease-resistant 
as shown by being capable of 
forming and electrophoretically 
migrating as a duplex with a 
complementary nucleotide 
compound; and 

selecting by RNase H digestion 
nuclease-resistance nucleotide 
compounds of (ii) which act as 
substrates for RNase H when 
hybridized with a complementary 
RNA 


Paragraph bridging page 8 
and 9; original claim 40 
(page 26, lines 15-25) 


Method of 
treating a 
Human or 
animal so as 
to inhibit the 
function of a 
target RNA 


41 


Administering a therapeutically 
effective amount of a modified 

nUOIcrUllUt; UUiil|JUUllU oU do lU 

inhibit the function of the target 
RNA, which includes at least one 
of the following components: 
MN3M, (N),M(N)y, (N),M(N)yM, 
B(N),M(N)y and (N),M(N)yB; 
N, M, B, x and y are defined as 
in claim 1 


Page 6, lines 1-10, Page 7, 
lines 6-1 1 ; support for the 

pnmnnnpntQ IV/IN«M ^N^ 

M(N)y, (N), M(N)yM, B(N), 
M(N)y and (N), M(N)yB are 
as in claim 1 
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Claim 




Claim Elements 


Support in the Specification 


Compound 

containing at 

least 2 

separate 

nuclease 

resistant 

components 


42 


Each component consists of 2 or 
more contiguous 
phosphodiester-linked 2' 
deoxynucleosides; wherein at 
least one of said contiguous 
phosphodiester-linked 2' 
deoxynucleosides is unmodified 


See Examples, particularly, 
Table 1, page 11 


^pl^im^ 4.P- 
49) 


to 


with a nucleic acid sequence of 
interest to inhibit its function 


Qpp pyamnip A. ^n^np 1R 

line 1 to bottom of page 1 9) 




44 


Confers RNase H sensitivity 
upon the RNA when complexed 
with a complementary RNA 


See example 4 (page 18, 
line 1 to bottom of page 1 9) 




45 


Comprises an oligonucleotide or 
polynucleotide 


Page 7, lines 3-5 




46 


Oligonucleotide or 
polynucleotide is modified 


rage o, lines i /-ly 




47 


Modified oligonucleotide or 
polynucleotide consists of at 
least one moiety which confers 
endonuclease resistance and at 
least one moiety which confers 
exonuclease resistance 


Page 5, lines 11-21 




48 


Endonuclease-resistance 
conferring moiety also confers 
exonuclease resistance to the 
modified nucleotide component 


Page 7, lines 25-32 




49 


Portion of the compound that 
can function as an RNase H 
substrate is located between the 
moiety conferring exonuclease 
resistance and the moiety 
conferring endonuclease 
resistance 


See Examples, particularly 
(see Table 1 , page 1 1 and 
page 1 9, lines 28-33) 
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Claim 




Claim Elements 


Support in the 
Specification 


Compound 

containing at 

least two 

separate 

nuclease 

resistant 

sequences 


50 


Consists of 2 or 3 contiguous 
phosphodiester-linked 2 - 
deoxynucleosides; wherein at least one 
of said contiguous phosphodiester- 
linked 2' deoxynucleosides is 
unmodified 


Page 5, lines 1 1-17; see 
Examples, particularly 
(see Table 1 , page 1 1 
and page 1 9, lines 28-33) 


Modified 

nucleotide 

compound 


51 


Comprises at least one of the following 
components: MN3M, (N)xM(N)y, (N)^ 
M(N)yM, B(N),M(N)yand (N),M(N)yB 
where: 

N comprises a phosphodiester-linked 
modified 2' deoxynucleoside moiety; 
M is a moiety that confers 
endonuclease resistance on said 
component and which contains at least 
one nucleic acid base with a 3' 
methylphosphonate; 
B is a moiety that confers exonuclease 
resistance to the terminus to which it is 
attached and comprises a 2\ 3 - 
dideoxyribose nucleotide; 
X is an integer of about 2; and 
y is an integer. 


MN3M, (N),M(N)y,(N), 
M(N)yM, B(N),M(N)yand 
(N),M(N)yB, where y is 0 
and accompanying 
definitions of N,M, B and 
X are provided on page 5, 
lines 1 1-21, and original 
claim 1 (see page 22, 
lines 3-12) 


Examples of (N)xM(N)y, 
(N),M(N)yM, B(N),M(N)y 
and (N),M(N)yB include 
TGACTTAGCTGCAT, 
TGACTTAGCTGCAT, 
TGACTTAGCIGCAT, 
TGACTTAGCTGCAT, 
TGACTTAGCTGCAT, 
TGGGGCTGCATG, 
CTGGGGCTGCAT (see 
Table 1 , page 1 1 , lines 8, 
9, 10, 11, 13, 16) 


Modified 

nucleotide 

compound 


52 


Capable of forming RNase H sensitive 
hybrids and having improved nuclease 
resistance; comprises at least one non- 
terminal moiety that confers nuclease 
resistance on said compound, at least 
one modified or unmodified nucleic acid 
base and at least one non-terminal 
phosphodiester-linked unmodified 2' 
deoxynucleoside moiety 


Page 6, lines 12-17; see 
Example 4, pages 14-15 
in their entirety 
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VI. ISSUES 

There are four Issues on appeal. First, whether claims 1-19, 21-39, 41 , 51 , 
and 52 are unpatentable under 35 U.S.C. §1 12, first paragraph as lacking adequate 
written description. Second, whether claims 1 , 2, 4, 8, 12-14, 19 and 42-50 are 
unpatentable over 35 U.S.C. §1 02(b) over Miller et al., 1985, Biochimie 67:769-776 
(hereinafter "Miller et al., 1985"). Third, whether claims 1-4, 12-14 and 42-50 are 
unpatentable under 35 U.S.C. 102(b) over Stein et al., 1988, Nucl. Acids Res. 
16:3209-3221 (hereinafter "Stein et al."). Fourth whether claims 1-52 are 
unpatentable under 35 U.S.C. §1 03(a) over Walder et al., 1988, Proc. Natl. Acad. Sci. 
USA 85:501 1-5015 (hereinafter "Walder et al.") in view of Ts'o et al., 1984, U.S. Pat. 
No. 4,469,863 (hereinafter "Ts'o et al.") and Inoue et al., 1987, Nucl. Acids Res. 
Symposium Series No. 18, pp. 221-224 (hereinafter "Inoue et al."). 

VII. GROUPING OF CLAIMS 

Appellants submit that claims 1-52 do not stand or fall together. Each of 
claims 5-1 1 , 15-20, 24-30, 34-40 and 42-52 are drawn to specific embodiments that 
include an element that is not shown or suggested in the cited art. Therefore, 
Appellants submit that each of the following groups of claims separately stand and 
fall together: 

(1) Claims 1-19, 21-38, 41-43, 45-48, 50-52 

(2) Claims 20 and 40 stand and fall together 

(3) Claim 39 stands and falls together 

(4) Claims 44 and 49 stand and fall together 
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VIII. ARGUMENT 

The present invention is directed to novel modified nucleotide compounds that 
contain endo and exonuclease resistant components and can form RNase H 
substrates when complexed with a complementary RNA as well as a method for 
identifying such compounds. The invention is also directed to methods of using 
these compounds, specifically, inhibiting the function of an RNA and treating a 
human or animal so as to inhibit the function of a target RNA as well as methods for 
identifying such compounds. 

As will be discussed in further detail below, the subject matter recited in the 
pending claims is adequately described so that one of skill in the art would 
undoubtedly appreciate from this disclosure that the inventors were in possession of 
all of the claimed subject matter at the time of filing. Furthermore, the claimed 
subject matter is not anticipated by Miller et al., 1 985 or Stein et al.. Finally, the 
claimed subject matter is not obvious over Walder et al., in view of Ts'o et al. and 
Inoue et al. 

Each of the currently remaining rejections are addressed below. 

A. The Rejection of Claims 1-19, 21-39, 41, 51, and 52 under 35 U.S.C. §112, first 
paragraphi-Written Description 

1. Summary of the Prosecution History 

Appellants, in response to the Office Action dated January 4, 1999, amended 
claims 1 , 21 , 41 and 51 to recite that the modified nucleotide compound includes at 
least one component selected from the group consisting of MNgM, (N)xM(N)y, 
(N),M(N)yM, B(N),M(N)y and (N),M(N)yB, where N is a phosphodiester-linked modified 
or unmodified 2'-deoxynucleoside moiety; provided that at least one N is a 
phosphodiester-lined unmodified 2' deoxynucleoside moiety; M is a moiety that 
confers endonuclease resistance on said component and that contains at least one 
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modified or unmodified nucleic acid base; B is a moiety that confers exonuclease 
resistance. 

In the Final Office Action dated September 26, 2000, it is asserted that these 
claim amendments constitute new matter. Applicants have submitted two 
amendments Under 37 CFR §1 .1 1 6, the first on December 26, 2001 and the second 
on July 19, 2004. Neither were entered. Therefore, Appellants will only discuss 
claims pending at the time of the issuance of the final Office Action. 

2. No new matter has been added 

35 U.S.C. §112, first paragraph, requires that an applicant provide "a written 
description of the invention, and of the manner and process of mal<ing and using it. In 
such full, clear, concise and exact terms..." to fulfill the written description 
requirement, a patent specification must describe the invention and do so in sufficient 
detail that one skilled In the art can clearly conclude that the Inventor possessed the 
claimed Invention at the time of filing. Lockwood v. American Airlines, Inc. 1 07 F.3d 
1565 (Fed. CIr. 1997); see also Regents of the Univ. ofCal. V. Eli Lilly & Co., 119 
F.3d 1559 (Fed. CIr. 1997). Satisfaction of the written description requirement does 
not require in haec verba antecedence in the originally filed application. Staehelin v. 
Secher, 24 USPQ2d 1513 (Bd. Pat. App. & Interfer. 1992). 

As noted In MPEP §2163.01 

A written description requirement issue generally involves 
the question of whether the subject matter of a claim is 
supported by [conforms to] the disclosure of an 
application as filed. If the examiner concludes that the 
claimed subject matter is not supported [described] in an 
application as filed, this would result in a rejection of the 
claim on the ground of a lack of written description under 
35 U.S.C. 112, first paragraph or denial of the benefit of 
the filing date of a previously filed application. 



Enz-47(C)(2) 



Brakel et al. 
Serial No. 08/479,999 
Filed: February 14, 2006 
Page 14 [Appeal Brief] 

The position asserted in the MPEP is summarized In a Decision Tree (see Tab 1) 
included in Training Materials for Examiners on Written Description, available from 
http ://www . uspto .gov/web/patents/g uides . htm . 

It is Appellant's position that there is actually support in the specification for 
MN3M, (N),M(N)y, (N),M(N)yM, B(N),M(N)y and (N),M(N)yB. MN3M was of course 
recited in the original claims. Examples of (N)^M(N)y, (N)xM(N)yM, B(N),M(N)y and 
(N),M(N)yB are provided in the specification and include TGACTTAGCTGCAT, 
TGACTTAGCTGCAT, TGACTTAGCIGCAT, TGACTTAGCTGCAT, 
TGACTTAGCTGCAT, TGGGGCTGCATG, CTGGGGCTGCAT (see Table 1 , page 1 1 
and page 1 9). 

It is well established case law that where there is no explicit description of a 
generic invention In the specification, mention of representative compounds may 
provide an Implicit description upon which to base generic claim language. In re 
Smith, 458 F.2d 1389, 173 USPQ 679 (CCPA 1972) and Ralston Purina v. Far-Mar- 
Co., Inc. , 228 USPQ 863 (Fed. Cir. 1985). Specifically in Smith, disclosure in the 
parent application of the following polar organic compounds that involve surface 
coating the pigment with an oil soluble polar organic compound: acidic resins, water 
soluble resonates, water insoluble metallic resonates, long chain fatty acids, their 
salts and soaps, benzene carboxylic acid and its slats, naphthenic acids and their 
soaps and salts, cationic active agents, e.g., alkyi amine salts and quaternary 
ammonium compounds containing at least 12 carbon atoms in an alkyI group or 
groups, e.g., lauryl pyridinium bromide, and long chain (at least 1 2 carbon atoms) 
fatty acid-containing organic Werner complexes is considered to provide adequate 
support in a subsequent application of a claim to an emulsion coating composition 
comprising an organic material used to coat pigment as being monomeric and 
containing at least 8 carbon atoms and at least one carboxy or carboxylate group. 
The court in Smith stated 
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It is obvious that the surface coating organic compounds 
recited in the foregoing paragraph are monomeric, have a 
hydrocarbon structure of at least 8 carbon atoms, except 
for benzene carboxylic acid which contains six carbon 
atoms in a hydrocarbon group, and contain at least one 
carboxy or carboxylate group. If appellant's claims had 
been drawn more broadly, they would be supported by the 
parent application. They can be described as subgeneric 
claims because they delineate the invention more 
specifically by reciting that the organic material used to 
coat the pigment is monomeric, contains at least 8 carbon 
atoms and at least one carboxy or carboxylate group. 

In Ralston Purina, the court held that the disclosures "soybean meal having a 
low fat and high protein content', "such 50% protein soybean meal is well known and 
frequently is a by-product of the process of oil extraction from soybeans. Such meal 
is preferably solvent extracted to decrease the fat content thereof to the range 
mentioned above" and "soybean meal having a protein content of approximately 50% 
Is the preferred meal component for use in the present Invention. When however, the 
meal has a protein content of substantially less than 50%, it may be mixed with a 
high protein component which will increase the protein content of the combination to 
the preferred 50%" in an earlier filed application supports in a subsequently filed 
application the claim language "protein content of at least about that of solvent 
extracted soybean meal". 

It is respectfully submitted that the amendments to claims 1 , 21 , 41 and 51 do 
not constitute new matter since there is adequate support for said claims. 
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3. Claim 39 is Separately Patentable from the Other Rejected Claims, 
Claims 1-19, 21-38, 41, 51 and 52 

In contrast to the other rejected claims, claim 39 requires that the modified 
nucleotide compound in the method of the present Invention only needs to contain 
MN3M; no other moieties are set forth. Appellants further point out that as shown in 
the accompanying amendment, claim 39 has been amended so that it is in 
independent form and is directed to a method for inhibiting function of an RNA by 
contacting the RNA, under conditions permissive for hybridization, with a modified 
nucleotide compound which includes MN3M, where N is a phosphodiester-linked 
unmodified 2'-deoxynucleoside moiety containing at least one guanine, adenine, 
cytosine or thymine moiety and M is a methylphosphonate-containing 
deoxynucleoside. Claim 39 is explicitly supported by the specification at page 8, 
lines 17-26: 

The invention also provides a method of inhibiting the 
function of an RNA, which method comprises contacting, 
under conditions permissive of hybridization, the RNA 
with a complementary modified nucleotide compound 
which includes at least one component selected from 
the group consisting of MN3M, B(N)xM and M(N)xB 
wherein N is a phosphodiester-linked modified or 
unmodified 2'-deoxynucleoside moiety; M is a moiety 
that confers endonuclease resistance on the nucleotide 
component and contans at lest one modified or 
unmodified nucleic acid base; B is a moiety that confers 
exonuclease resistance to the terminus to which it is 
attached; and x is an integer of at least 2. 

Further support can be found in original claim 39. 

Additionally, in the accompanying Amendment Under 37 C.F.R. §1.116, claims 
1-19, 21-38, 41-43, 45-48 and 50-52 have been canceled in order to advance 
prosecution. 
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B. The Claimed invention Is not Anticipated by the Cited Prior Art 

1 . Claims 1 , 2, 4, 8, 12-14, 19 and 42-50 are not anticipated by M'lWer 
et al. 

The originally pending claims 1, 2, 4, 8, 12-14, 19 and 42-50 were rejected 
under 35 U.S.C. §1 02(b) as being anticipated by Miller et al., 1985. In response to 
the Office Action dated March 31 , 1 998, Applicants amended claims 1 and 21 to 
recite 

N Is a phosphodiester-llnked modified or unmodified 2'- 
deoxynucleoside moiety; provided that at least one N is a 
phosphodiester-llnked unmodified 2' deoxynucleoside 
moiety 

and amended claims 42 and 50 to add "wherein at least one of said contiguous 
phosphodiester-linked 2'-deoxynucleosides Is unmodified". 

The rejection was maintained and the Office Action dated January 4, 1999 

stated: 

Applicants argue that Miller et al. discloses 
oligodeoxyrlbonucleotides which are ALL modified with 
methylphosphonates. In response. Miller et al. on page 
772, Figure 3, discloses the oligomer given as: 
32pTpGeCpApCpCpApT. The notation "p" denotes a 
normal phosphodiester-linkage. Thus, at least one such 
linkage is present In this oligomer as required in the newly 
submitted limitation of instant claim 1 , for example, 
contrary to the allegation of applicants. 

In the response filed on November 19, 1999, Appellants amended claim V to 
recite that the modified nucleotide compound which includes at least one component 



' Claims 21, 41 and 51 were also amended 
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selected from the group consisting of MN3M, (N),M(N)y, (N),M(N)yM, B(N),M(N)y and 
(N)^M(N)yB. MN3M. The rejection was maintained in the final Office Action dated 
September 26, 2000. The Office Action specifically states: 

Applicants argue that Miller et al. neither discloses nor 
suggests not fully modifying all of the internal 
phosphodiester linkages and is silent on RNase H 
sensitivity. This RNase H resistance argument is 
confusing in that instant claim 1 , for example, lacks any 
mention of RNase H resistance or not. Only claims 44 
and 49 as rejected hereinunder cite any RNase H practice 
and these claims, such as specifically claim 44 directs 
RNase H resistance to what is complexed with the 
compound of claim 42 and not the compound itself. 

Appellants point out that anticipation requires that the claimed invention to 
have been known in the prior art "in the detail of the claim" such that each element 
and limitation contained in the claim is present in a single prior art reference, 
"arranged as in the claim". Karsten Mfg. Corp. v. Cleveland Golf CO. 242 F.3d 1376, 
58 USPQ2d 1286 (Fed. Cir. 2001). Clearly, Miller et al., 1985 does not contain each 
and every element of the subject matter claimed. 

To address this rejection in complete detail, Appellants will analyze each of the 
components of claims 1 , 42 and 50. Appellants, with respect to claim 1 , take issue 
with the assertion made in the Office Action that a methylphosphonate would be 
encompassed by the definition of "N". This is because while "M" and "B" are stated to 
confer endonuclease and exonuclease resistance on the claimed component, "N" is 
silent in that respect. Therefore it may be concluded that N would not confer 
nuclease resistance. If such an assumption is made, MN3M, (N)xM(N)y, (N),M(N)yM, 
B(N),M(N)y and (N)xM(N)yB were not disclosed by Miller for the following reasons: in 
the case of MN3M and , B(N)xM(N)y the sequence in Figure 3, begins with an ordinary 
unmodified 2'-deoxynucleoside moiety; in the case of (N)xM(N)y, and (N)xM(N)yB, the 



Enz-47(C)(2) 



Brakel et al. 
Serial No. 08/479,999 
Filed: February 14, 2006 
Page 19 [Appeal Brief] 

5' terminus only contains one N. However, in order to put claims in condition for 
allowance or at least obviate some issues for appeal, submitted herewith is a Third 
Amendment under 37 G.F.R. §1 .116 where it is proposed that claims 1 and 21 be 
amended to recite that the compound when complexed with a complementary RNA 
acts as an RNase H substrate. It would thus follow that dependent claims 2, 4, 8, 12- 
14 and 19 would also not be anticipated by Miller et al., 1985. 

With respect to claim 42, Appellants note that the sequences disclosed in 
Miller et al., 1 985 either completely contain methylphosphonate linkages or just a 5'- 
phosphodiester unmodified moiety (see Figure 3 of Miller et al., 1985). None of the 
compounds disclosed in Miller et al., 1985 contain two separate nuclease resistant 
components. 

Similarly, Appellants also assert that claim 50 would also not be anticipated by 
Miller et al., 1 985. Claim 50 recites that the compound must contain two separate 
nuclease resistant sequences. The compounds disclosed in Miller et al., 1985 do not 
contain two separate nuclease resistant sequences. It is Appellants' position that 
the properly interpreted rejected claims are not anticipated by Miller et al., 1985. 

a. Claims 44 and 49 are Separately Patentable 

Appellants first note that in order to advance prosecution. Appellants are 
concurrently submitting herewith a Third Amendment under 37 C.F.R. §1 .1 16 where 
claims 1-19, 21-38, 41-43, 45-48 and 50-52 have been canceled. Claims 44 and 49 
have been amended to be in independent form. Amended claim 44 recites that the 
claimed compound acts as an RNase H substrate when complexed with 
complementary RNA and that each nuclease resistant component comprises at least 
one moiety which confers endonuclease resistance and at least one moiety which 
confers exonuclease resistance and that 2 or more contiguous phosphodiester-linked 
2' deoxynucleosides are located between the moiety conferring endonuclease 
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resistance and the moiety conferring exonuclease resistance. Amended claim 49 
contains the further limitation that the compound additionally contains a modified 
oligonucleotide or polynucleotide, which consists of at least one moiety which confers 
endonuclease resistance and at least one moiety which confers exonuclease 
reisstance. In contrast to the other rejected claims only claims 

It is Appellants position that claims 44 and 49 are separately patentable over 
the rejected claims since these are the only claims which address the issue of RNase 
H sensitivity. Appellants note that this position was supported during prosecution. 
The following comment was made by the Examiner during in the final Office Action 
dated September 26, 2000, "Only claims 44 and 49 as rejected hereinunder cite any 
RNase H practice and these claims, such as specifically claim 44 directs RNase H 
resistance to what is complexed with the compound of claim 42 and not the 
compound itself". Appellants however do respectfully point out that RNase H 
sensitivity is only conferred when DNA and RNA complex together. 

Appellants further note that the cited Miller et al. reference is silent with 
respect to the RNase H sensitivity of the methylphosphonate sequences disclosed in 
Figure 3. However, it is most likely that these sequences are RNase H resistant. For 
example, Cazenave et a!., 1989, Nucl. Acids Res. 17:4255-4273 (Tab 2 and cited in 
the instant application) discloses that a methyl phosphonate 17-mer "failed to induce 
the degradation of the target mRNA by the E. coll RNase H". Additionally, Furdon et 
a!., 1989, Nucl. Acids Res. 17:9193-9204 (Tab 3) discloses results from studies with 
a 1 4-mer oligonucleotide containing one to six methylphosphonate linkages. Results 
from the Furdon et al. studies indicated that "Susceptibility to cleavage by RNase H 
increased parallel to a reduction in the number of methylphosphonate residues in the 
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oligonucleotide"^ It is further noted in Furdon et al., 1989, Nucl. Acids Res. 17:9193- 
9204^ 

RNA hybridized to MP-oligos containing one or two 
methylphosphonate deoxynucleosides was cleaved by 
RNase H almost a easily as that In the control duplex with 
D-oligo,,„RNA in duplexes with MP-oligos which 
contained three, four and six methylphosphonate 
deoxynucleosides, i.e., in which methylphosphonate 
bonds were separated by three, two or one 
phosphodiester bond. ..was increasingly resistant to 
cleavage by the enzyme. 

2. Claims 1-4, 12-14, and 42-50 are not anticipated by Stein et al., 1988, 
Nucl. Acids Res. 16:3209-3221 

The originally pending claims were rejected under 35 U.S.C. §1 02(b) as being 
anticipated by Stein et al. As noted above, in response to the Office Action dated 
March 31, 1998, Applicants amended claim 1 to recite 

N is a phosphodiester-linked modified or unmodified 2'- 
deoxynucleoside moiety; provided that at least one N is a 
phosphodiester-linked unmodified 2' deoxynucleoside 
moiety. 

and amended claims 42 and 50 to add "wherein at least one of said contiguous 
phosphodiester-linked 2'-deoxynucleosides is unmodified". 

The rejection was maintained and the Office Action dated January 4, 1999 

stated: 

Applicants argue that Stein et al. motivates and suggest 
that ALL PS oligomers are the most desirable for 
increased RNase-H activity is desired and not to use S- 
capped oligomers or other non-fully modified oligomers. 
These arguments are non-persuasive in overcoming the 



2 See abstract in Furdon et al., 1989, Nucl. Acids Res. 17:9193-9204 
^ See Furdon et al. at page 9202 
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rejection because tlie reference does disclose S-capped 
oligomers as well as non-fully modified oligomers and 
therefore reads on the instant claims, even if the 
reference also motivates and suggests certain preferred 
oligomer types. 

In the response filed on November 19, 1999, Appellants amended claims 1 , 21 and 

51 to recite that the modified nucleotide compound which includes at least one 

component selected from the group consisting of MN3M, (N)xM(N)y, (N),M(N)yM, 

B(N),l\/l(N)y and (N)xM(N)yB. The rejection was maintained in the final Office Action 

dated September 26, 2000. The Office Action specifically states; 

Applicants argue again as above regarding RNase H 
resistance. This argument has been responded to above 
and is equally applicable here and is reiterated here. 
Applicants then argue regarding partial internal 
modification that is not in Stein et al. this is non- 
persuasive as it is based on the NEW MATTER added to 
the instant claims. This rejection is reiterated in 
anticipated of removal of the NEW MATTER thus leaving 
the claims rejected as before. 

Appellants set forth arguments in the response to the Office Action. 
Appellants also set forth the following arguments in the Appeal Brief submitted on 
July 19, 2004 and are set forth below so that they may be made of record. 

Again, as argued in response to the Written Description 
rejection, the amendments of claim 1 do not constitute 
new matter, since these claim amendments are actually 
supported by the specification. Appellants note that 
none of the above components recited in claim 1 are 
contained within the sequences disclosed. Specifically, 
Stein et al. discloses sequences containing all 
phosphorothioate linkages and a myc-1 oligomer 
sequence, 5'-AsAsCGTTGAGGGGCsAsT-3' ("s" depicts 
phosphorothioate linkages) containing two PS bonds at 
each end of the 15-mer. In the case of MN3M, there are 
more than 3 "N" sequences between the two "Ms"; in the 
case of (N)xM(N)yM and (N)xM(N)yB, none of the 
sequences in Stein et al., 1988 contain an "N" moiety at 
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the 5' end; in the case of B(N)xM(N)y, the myc-1 
sequence contains phosphorothioates at both the 5' and 
3' ends. 

With respect to claim 42, Appellants note that the 
sequences disclosed in Stein et a!., either completely 
contain phosphorothioate linkages or as with the myc-1 
oligomer, capped with phosphorothioates . None of the 
compounds disclosed in Stein et al., contain two 
separate nuclease resistant components. It would thus 
follow that dependent claims 43-49 would also not be 
anticipated by Stein et al. Furthermore, in order to put 
claim 42 in condition for allowance or at least obviate 
some issues for appeal, Appellants have submitted a 
Second Amendment under 37 C.F.R. §1.116 in 
accordance with MPEP §1207 where it is proposed that 
claim 42 be amended to that the claimed compound 
acts as an RNase H substrate when complexed with 
complementary RNA and that each nuclease resistant 
component comprises at least one moiety which confers 
endonuclease resistance and at least one moiety which 
confers exonuclease resistance and that 2 or more 
contiguous phosphodiester-linked 2' deoxynucleosides 
are located between the moiety conferring 
endonuclease resistance and the moiety conferring 
exonuclease resistance. 

Appellants also assert that claim 50 would also not be 
anticipated by Stein et al.. Claim 50 recites that the 
compound must contain two separate nuclease 
resistant sequences and consists of 2 or 3 contiguous 
phosphodiester-linked 2'-deoxynucleosides; wherein at 
least one of said contiguous phosphodiester-linked 2' 
deoxynucleosides is unmodified. The compounds 
disclosed in Stein et al. do not contain two separate 
resistant sequences and certainly contain more than 2 
or 3 contiguous phosphodiester-linked 2'- 
deoxynucleosides between the phosphorothioates at the 
5' and 3* ends. 
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However, in the Advisory Action dated December 20, 2005, it is stated that the 
rejection of claims 1-4, 12-14, 42-50 under 35 U.S.C. §1 02(b) as anticipated by Stein 
et al. has been withdrawn. 



C. The Claimed invention Is not Obvious Over the Cited Prior Art 

In the Office Action dated March 31 , 1998, the Examiner referred to the 

rejection given in the Office Action mailed June 5, 1992 which stated: 

Walder et al. discloses that the most important element in 
the efficacy of antisense oligomers inhibiting mRNA 
expression is the formation of a RNase sensitive RNA- 
DNA duplex that is cleaved by the enzyme: "An important 
corollary of our results is that such modified analogs must 
not only retain normal hybridization properties but should 
also form substrates that are recognized and cleaved by 
RNase H " 

Miller et al. "^discloses antisense oligomers with all 
methylphosphonate internucleotide linkages. These 
modified oligomers possess resistance to nucleases, can 
pass through the membranes of mammalian cells and can 
form stable duplexes with complementary mRNA ... 

Inoue et al. teaches that a span as small as three 
contiguous phosphodiester linkages flanked by modified 
nucleotides (2 -0-methyl) was capable of forming an 
RNase H-sensltive substrate 

The claimed modified oligonucleotides possess three 
primary characteristics: 1) endo- and exonuclease 
resistance, 2) ability to hybridize to its RNA 
complementary sequence, and 3) the ability to form a 
RNase sensitive RNA-DNA duplex. 

The person of ordinary skill in the art with the above 
references before him would have found the claimed 
modified oligomers obvious because of the necessity to 
have reduced the number of methylphosphonate 



^ Miller et al. in the obviousness rejection is actually Ts'o et al. 
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internucleotide bonds in the oligomer In order to make the 
RNA-DNA duplex RNase sensitive as Walder et al. 
emphasizes is critical to the efficacy of antisense 
oligonucleotides in inhibiting the express of mRNA. 

The claimed methods of inhibiting the function of an RNA 
by contacting said RNA with a nuclease resistant 
antisense oligomer that forms RNase H sensitive 
duplexes with said RNA would also have been obvious in 
view of the above references that, as a whole, teach the 
same method. 

Finally, the method for identifying modified antisense 
oligomers possessing the combination of nuclease 
resistance and the ability to form an RNase H substrate 
with complexes of RNA using gel electrophoresis instead 
of the release of acid soluble radioactivity as taught by 
Walder et al.... would have been obvious to the person of 
ordinary skill in the art. The use of gel electrophoresis is a 
fundamental tool in molecular biology for separating 
different types of polynucleotides whether by size or by 
other physical properties such as single-stranded versus 
double-stranded forms, linear versus circular forms, etc. 

The applicant's basic invention is the antisense oligomer 
with only a portion of the internucleotide linkages or bases 
modified in order to make the oligomer nuclease resistant. 
However, the prior art clearly teaches the necessity of 
combining both nuclease resistance with the ability to 
form RNase H sensitive duplexes with RNA. The 
applicant's gel assay is only one way to assay for RNase 
H sensitivity as Walder et al. substantiates. 



Appellants in their response filed on September 28, 1998 stated 

Walder states that an important element for an effective 
antisense oligomer is that it be recognized and cleaved by 
RNAse-H. However, Walder does not disclose or suggest 
that modifying a nucleotide compound, with sufficient 
spacing between modifications, might yield RNase-H 
sensitivity. 
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Miller (U.S. Patent No. 4,469,863) does not cure the 
deficiency of Walder. Miller Is directed to fully modified 
oligomers and provides no disclosure or suggestion to 
only partially modify its oligomers, let alone that such 
would be RNase-H sensitive. 

Inoue is concerned with a oligoribodeoxynucleotide probe 
comprised of modified RNA sequence attached to a DNA 
sequence attached to another modified RNA sequence. 
The modifications to the RNA sequences is to resist 
RNAse-H— quite the opposite effect desired by Walder. 
Further, there is no suggestion or motivation provided by 
Inoue to modify its probe for use in antisense. 

Accordingly, it is respectfully submitted that none of 
Walder, Miller or Inoue disclose or suggest Applicants' 
invention; that there is no suggestion or motivation to 
combine the disclosures of Walder, Miller and/or Inoue; 
and that, even if combined, the references do not 
disclose, suggest or otherwise render unpatentable 
Applicants' claimed invention. 

In the Office Action dated January 4, 1999, the Examiner stated: 

Applicants argue that Walder et al. states that antisense 
oligomers should be recognized and cleaved by RNase-H. 
This characterization is incorrect in that mRNA is cleaved 
by RNase-H after hybridization with the antisense 
oligomer. The antisense oligomer is not cleaved by 
RNase-H. Applicants then argue that Miller et al. Is 
directed to only fully modified oligomers. This has been 
noted above as incorrect also because Miller et al. In 
Figure 3 therein discloses a partially modified oligomer 
and is not limited to fully linkage modified oligomers. 
Applicants then argue that Inoue et al. is directed to 
RNase-H resistance and not recognition by RNase-H. 
Consideration of Inoue et al. reveals that it is directed to 
the practice of antisense oligomers that mediate RNase-H 
cleavage of mRNA via modified portions, not necessarily 
all linkages therein, that are stable during antisense usage 
and still hybridize to mRNA. This reference was utilized in 
the rejection to support oligomer embodiments with 
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modifications at the 2'-deoxyribose site and not regarding 
RNase-H resistance or sensitivity per se. 

Appellants, as noted above, in their response submitted November 19, 1999, 

amended claims 1, 21 , 41 and 51 recite that the modified nucleotide compound which 

includes at least one component selected from the group consisting of MN3M, 

(N),M(N)y, (N),M(N)yM, B(N),M(N)y and (N),M(N)B. Furthermore, Appellants stated 

Walder states that an important element for an effective 
antisense oligomer is that it be recognized and cleaved by 
RNase-H. However, Walder does not disclose or suggest 
any means of modifying a nucleotide compound to 
decrease degradation while retaining RNase H-sensitivity. 
It most certainly does not suggest that modifying some of 
the internal nucleotides with sufficient spacing between 
modifications, might yield both nuclease resistance and 
RNase-H sensitivity. 

Miller (U.S. Patent No. 4,469,863) does not cure the 
deficiency of Walder. Miller is directed to fully modified 
oligomers and provides no disclosure or suggestion to 
only partially modify its oligomers, let alone that such 
would be RNAse-H sensitive. (The Examiner's reference 
to Figure 3 of the Miller patent seems to be a 
misstatement and that the Examiner is actually referring to 
Figure 3 of the Miller article. As discussed above, the 
Miller article does not cure the defects of Walder). 

Inoue also does not cure the defects of Walder or Miller. 
Inoue is concerned with a oligoribodeoxynucleotide probe 
comprised of a modified RNA sequence attached to a 
DNA sequence attached to another modified RNA 
sequence. The modifications to the RNA sequences is to 
resist RNAse-H— quite the opposite effect desired by 
Walder. Further, there is no suggestion or motivation 
provided by Inoue to modify its probe for use in antisense. 

In the final rejection dated September 26, 2000, the Examiner essentially stated that 
the rejection in the previous Office Action was still applicable. Arguments were set 
forth by Appellants in the response filed and in the Appeal Brief submitted on July 1 9, 
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2004. The arguments made in said Appeal Brief are set forth below so that they may 
be entered into the record: 



2. Claims 1-4, 12-14, 21-23, 31-33 and 41 are not 
obvious over tlie cited references. 

Afinding of obviousness under 35 U.S.C. §103 
requires a determination of the scope and content of the 
prior art, the differences between the claimed invention 
and prior art, the level of ordinary skill in the art, and 
whether the differences are such that the claimed 
subject matter as a whole would have been obvious to 
one of ordinary skill in the art at the time the invention 
was made. Graham v. Deere, 383 U.S. 1 (1966). Where 
claimed subject matter has been rejected as obvious in 
view of a combination of prior art references, a proper 
analysis under §103 requires inter alia, consideration of 
two factors: (1) whether the prior art would have 
suggested to those of ordinary skill in the art that they 
should make the claimed composition or device, or carry 
out the claimed process; and (2) whether the prior art 
would also have revealed that in so making or carrying 
out, those of ordinary skill would have a reasonable 
expectation of success. In re Vaeck, 947 F.2d 488, 20 
U.S.P.Q.2d 1438 (Fed. Cir. 1991). 

It has always been Appellants' view that the claimed 
invention was not obvious in view of the cited references, 
either singly or in combination. Although Walder et al. in 
the last paragraph does state that "it may be necessary 
to modify the oligonucleotide to decrease its rate of 
degradation and improve intracellular transport" and 
further states that the modified analogs need to retain 
normal hybridization properties and form substrates 
recognized and cleaved by RNase H, no teaching or 
direction is provided regarding how such analogs could 
be obtained. Specifically, there is no suggestion as to 
what modifications should be made and how modified 
analogs could retain normal hybridization properties and 
form substrates recognized and cleaved by RNase H. 
This is at best an "obvious to try" situation. An 'obvious- 
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to-try' situation exists when a general disclosure may 
pique the scientist's curiosity, such that further 
investigation might be done as a result of the disclosure, 
but the disclosure itself does not contain a sufficient 
teaching of how to obtain the desired result, or that the 
claimed result would be obtained if certain directions 
were pursued. In re Eli Lilly & Co., 902 F.2d 943, 14 
USPQ2d 1741 (Fed. Cir. 1990). It is well known that the 
"obvious to try" standard is clearly erroneous. In re 
O'Farrell, 7 USPQ2d 1673 (Fed. Cir. 1988). If anything, 
the disclosure of Walder et al. is further evidence of 
nonobviousness. Objective evidence such as 
commercial success, failure of others, long-felt need, 
and unexpected results must be considered before a 
conclusion on obviousness is reached. Minnesota 
Mining and Manufacturing Co., v. Johnson & Johnson 
Orthopaedics Inc., 976 F.2d 1559, 24 USPQ2d 13221 
(Fed. Cir. 1992). 

The other two references, Ts'o et al.^ and Inoue et 
al. would not add much to the disclosure of Walder et al. 
Ts'o et al. primarily discloses compounds containing 
only methylphosphonate linkages. However, as stated 
above, compounds only containing methylphosphonate 
linkages are RNase H resistant. No direction is 
provided as to how many methylphosphonate linkages 
should actually be present. Other Miller et al. 
disclosures do not provide further guidance. For 
example, the Miller et al., 1985 references cited in the 
anticipation rejection discloses compounds containing 
all methylphosphonate linkages or 5'-phosphodiester 
linkage, followed by methylphosphonate linkages. 
Appellants note that other references authored by either 
of the inventors named in Ts'o etal., do not provide 
further guidance. Miller etal., 1980, J. Biol. Chem. 
255:9659-9665 (Tab 4) and Miller et al., 1982, 
Biochemistry 21 : 2507-2512 (Tab 5) disclose 
oligonucleotide analogs containing alternating 
methylphosphonate/phosphodiester backbones. The 



^ Referred to as Miller et al. In previous office actions 
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Miller et al. references are silent regarding RNase 
sensitivity^. 

Inoue et al. discloses an oligomer containing a 3-5 mer 
"joining with" 2'-0-methyl oligonucleotides at the 3' and 
5' end. This oligomer was hybridized to 
ribooligonucleotide substrates. Inoue et al. disclosed 
that RNase H did not cleave 2'-0-Me-RNA/RNA hybrid, 
but did cleave the DNA/RNA hybrid. However, the 
disclosure of Inoue et al. was limited to 2'0- 
methyloligonucleotides and could not possibly be 
extrapolated to other modifications. 

3. Claims 8-9, 20, 27-28, 39 are not obvious over the 
cited references 

Claims 8-9, which depend from claim 1 and claims 27- 
28 which depend from claim 21 , recite that M are alkyi 
(claims 8 or 27) or methylphosphonate linkages (claims 
9 and 28). Independent claims 20 and 39 also recite that 
M is a methylphosphonate moiety. None of these claims 
would be obvious for the reasons provided above. 



4. The Cited References Do not disclose, much less 
suggest, many of the dependent claim limitations 

The dependent claims are discussed below. The 
claims contain additional features neither disclosed nor 
suggested by the cited references. Therefore, the 
rejection of all of the following claims under 35 U.S.C. 
§103 are clearly improper and should be reversed. 

Claims 5-7, 10-11, 15-19, 24-26, 29-30 and 34-38 are 
directed to specific embodiments. Specifically, claims 5- 
7 and claims 24-26 are directed to the bases, uracil, 
inosine, 2,6-diaminopurine; halogenated uracil or 
cytosine, substituted or unsubstituted 7-deazaguanine, 
7-deazaadenine, 7-deazainosine, a methylated adenine, 



^ It was disclosed In Furdon et al., 1989, Nucl. Acids Res. 17:9193-9204 (see 
abstract) that an oligonucleotide containing six methylphosphonate deoxynucleosides 
alternating with normal deoxynucleotides was RNase resistant. 
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guanine, thymine or cytosine; claims 10-1 1 are directed 
to the following the internucleotide linkages, an alpha- 
phosphodiester 2' deoxynucleoside (claims 10 and 29), 
as well as an aminophosphonate, phosphotriester, 
phosphoramidate, carbamate or morpholino-substituted 
nucleotide (claims 11 and 30); claims 15-19 recite 
various "B" moieties, specifically, an intercalating agent, 
an isourea, a carbodiimide, an N-hydroxybenzotriazole 
(claims 15 and 24); a methylthiophosphonate (claims 16 
and 25), a polypeptide or protein (claims 17 and 26) and 
a modified 2',3'-dideoxyribose nucleotide (claims 18 and 
38) and claims 19 and 38 are directed to modified 
nucleotide where "y" is 2 or 3. 

None of these specific embodiments are disclosed or 
suggested by the cited references. The Walder et al. 
reference merely discloses oligonucleotides and only 
suggests that it may be useful to make modifications; 
Ts'o et al. is only directed to methylphosphonates and 
Inoue et al. only teaches the use of 2'-0- 
methylribooligonucleotides at the 5' and 3' ends. There 
is absolutely no disclosure of modified bases recited in 
claims 5-7 and claims 24-26 in any of the cited 
references. 

There is no disclosure of the internucleotide sequences, 
an alpha-phosphodiester 2' deoxynucleoside (claims 10 
and 29), as well as an aminophosphonate, 
phosphotriester, phosphoramidate, carbamate or 
morpholino-substituted nucleotide (claim 1 1 and 30). 
Although Inoue et al. does disclose sequences 
disclosing 2'-0-methylribooligonucleotide at the 5' and 
3' end, there is no other phosphotriester suggested. 
Furthermore, in order to put claim 1 1 in condition for 
allowance or at least obviate some issues for appeal. 
Appellants have submitted a Second Amendment under 
37 C.F.R. §1.116 in accordance with MPEP§1207 where 
it is proposed that claim 1 1 be amended to remove the 
recitation of "phosphotriesters". "Phosphotriester" is 
recited in new claim 53. 
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There is no disclosure or suggestion of the various "B" 
moieties recited in claims 15-18 and 34-37 in any of the 
cited references. 

Finally, there Is no suggestion of modified nucleotides in 
any of the cited references where there would be 2 or 3 
"N" moieties at the 5' or 3' end. 

Thus, the dependent claims would not be obvious over 
the cited references. 



5. Claim 40 is not Obvious Over the Cited References 

Claim 40 is directed to a method for identifying a 
nucleotide compound having a combination of nuclease 
resistance and ability to form an RNase H substrate 
when In complex with an RNA. Although Walder et al. 
does suggest that it would be desirable to modify a 
compound so that it has a decreased rate of 
degradation but retains RNase H sensitivity, there is no 
teaching regarding how such compounds could be 
modified. It would therefore follow that there is no 
suggestion or teaching of identifying such compounds. 
The other two cited references do not provide any further 
teachings. However, in order to put claim 40 in condition 
for allowance or at least obviate some Issues for appeal, 
Appellants have submitted a Second Amendment under 
37 C.F.R. §1 .11 6 in accordance with MPEP §1 207 where 
it is proposed that claim 40 be amended to recite that 
modified nucleotide compounds are prepared 
comprises at least one component selected from the 
group consisting of MN3M, B(N)xM and M (N)xB wherein: 
N is a phosphodiester-linked modified or unmodified 2'- 
deoxynucleoside moiety; M is a moiety that confers 
endonuclease resistance on said component and that 
contains at least one modified or unmodified nucleic 
acid base; B is a moiety that confers exonuclease 
resistance to the terminus to which it Is attached; x Is an 
Integer of at least 2. 



6. Claims 42-50 are not Obvious Over the Cited 
References 
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Claim 42 is directed to a compound containing at least 
two separate nuclease resistant components each 
consisting of two or more contiguous phosphodiester 
linked 2' deoxynucleosides^ where on of the contiguous 
phosphodiester linked 2' deoxynucleosides is 
unmodified. Claims 43-49 depend from claim 42. 
Claim 50 recites that the two separate nuclease 
resistant sequences consists of 2 or 3 contiguous 
phosphod iester-linked 2'-deoxynucleosides. 

None of the cited references disclose or suggest 
compounds containing at least two separate nuclease 
resistant components. The bulk of Walder et al. is 
directed to oligonucleotides. There is only a very general 
suggestion in Walder et al. regarding the utility of a 
compound having both nuclease resistance and RNAse 
sensitivity. However, no further details are provided. 
Ts'o et al. only discloses methylphosphonate 
compounds. Inoue et al. discloses a compound 
containing 2*-0-methylribooligonucleotides at the 5' and 
3' ends, not a compound containing two separate 
nuclease resistant components. 

7. Claim 51 Is not Obvious over the cited References 

Claim 51 is directed to a modified nucleotide compound 
and is actually a specific embodiment of the compound 
recited in claim 1. Specifically, in claim 51, "B" 
comprises a 2',3'-dideo)cyribose. There is no disclosure 
or suggestion of such a moiety in any of the cited 
references. Thus, claim 51 is not obvious over the cited 
references. 

8. Claim 52 is not Obvious over the cited References 

Claim 52 is directed to a modified nucleotide capable of 
forming RNase hybrids having at least one non-terminal 
moiety that confers nuclease resistance. As noted 
above, no direction is provided in Walder et al. regarding 
the location of a moiety conferring nuclease resistance; 
Ts'o et al. discloses only methylphosphonate 
compounds and Inoue et al. does not disclose any 
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nuclease resistant moieties. Thus claim 52 Is not 
obvious over the cited references. 

Appellants note that the Advisory Action dated December 20, 2005 stated that 
all rejections of claims 1-52 under 35 U.S.C. §103 have been withdrawn. Thus no 
further arguments will be set forth at this time. 

D. Claims 20 and 40 

Claims 20 and 40 are separately patentable from the other pending claims. 
Neither claim 20 nor claim 40 is recited in the rejection under 35 U.S.C. §112, first 
paragraph (written description) or in the rejection under 35 U.S.C. §102. All of the 
claims were rejected under 35 U.S.C. §103. However, as noted above, the Advisory 
Action dated December 20, 2005, the rejection under 35 U.S.C. §103 has been 
withdrawn. 

IX. CONCLUSION 

Claims 1 -1 9, 21 -39, 41 , 51 and 52 do not contain new matter. Moreover, 
claims 1, 2, 4, 8, 12-14, 19 and 42-50 are not anticipated by Miller et al., 1985, 
Biochimie 67:769-776 and claims 1-4, 12-14 and 42-50 are not anticipated by Stein 
et al., 1988, Nucl. Acids Res. 16:3209-3221 . Finally, claims 1-52 are not obvious 
over Walder et al., 1988, Proc. Natl. Acad. Scl. USA 85:501 1-5015 in view of Ts'o et 
al., 1984, U.S. Pat. No. 4,469,863 and Inoue et al., 1987, Nucl. Acids Res. 
Symposium Series No. 18, pp. 221-224. 

Appellants note that the Examiner has already accepted Appellants position 
with respect to the anticipation rejection of claims 1 -4, 12-14 and 42-50 over Stein et 
al., 1988, Nucl. Acids Res. 16:3209-3221 and the obviousness rejection of claims 1- 
52. In the Advisory Action dated December 20, 2005, the Examiner indicated that 
these rejections have been withdrawn. 
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Furthermore claims 20 and 40 are separately patentable over the rejected 
claims since the Examiner in the Advisory Action dated December 20, 2005, the 
Examiner indicated that claims 20 and 40 are allowable. 

Claim 39 is separately patentable over the claims rejected under 35 U.S.C. 
§1 1 2, since claim 39 recites that the modified nucleotide compound used in the 
method of the present invention contains MN3M; no other moieties are recited. Claim 
39 is not rejected under 35 U.S.C. §1 02. As noted above, the rejection under 35 
U.S.C. §103 has been withdrawn. 

Claims 44 and 49 are separately patentable over the claims rejected under 35 
U.S.C. §102 over Miller et al. Only claims 44 and 49 specifically recite that the 
claimed compound when complexed with a complementary RNA confers RNase H 
sensitivity upon the RNA. Claims 44 and 49 are not rejected under 35 U.S.C. §1 12, 
first paragraph (written description). Furthermore, the rejection over Stein et al. under 
35 U.S.C. §102 and the obviousness rejections have been withdrawn. 

If a telephone conversation would further the prosecution of the present 
application. Applicants' undersigned attorney request that he be contacted at the 
number provided below. 



Respectfully submitted. 





Cheryl H. Agris, Reg. No. 34,086 

Attorney for Appellants 
(914)712-0093 



ENZO THERAPUTICS, INC 
C/o ENZO BIOCHEM., INC. 



527 Madison Avenue, 9'^ Floor 
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APPENDIX A-CLAIMS ON APPEAL 

What Is Claimed Is: 

1 . A modified nucleotide compound which includes at least one component 
selected from the group consisting of MN3 M, (N)^ M(N)y , (N)^ M(N)y M, B(N), 
M(N)yand (N),M(N)yB wherein: 

N is a phosphodiester-linked modified or unmodified 2'-deoxynucleoside 
moiety; provided that at least one N is a phosphodiester-linked unmodified 
2' deoxynucleoside moiety; 

M is a moiety that confers endonuclease resistance on said component 
and that contains at least one modified or unmodified nucleic acid base; 
B is a moiety that confers exonuclease resistance to the terminus to which 
it is attached; 

X is an integer of at least 2; and 
y is an integer. 

2. The modified nucleotide compound of claim 1 wherein M and B are the same 
moiety. 

3. The modified nucleotide compound of claim 1 which, when in complex with a 
complementary RNA, confers RNase H sensitivity to the RNA. 

4. The modified nucleotide compound of claim 1 wherein N contains at least one 
adenine, guanine, thymine or cytosine moiety. 
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5. The modified nucleotide compound of claim 1 wherein N contains at least one 
uracil, inosine or 2, 6-diaminopurine moiety. 

6. The modified nucleotide compound of claim 1 wherein N contains at least one 
5-halogenated uracil or cytosine or a substituted or unsubstituted 7- 
deazaguanine, 7-deazaadenine or 7-deazainosine moiety. 

7. The modified nucleotide compound of claim 1 wherein N contains at least one 
methylated adenine, guanine, thymine or cytosine moiety. 

8. The modified nucleotide compound of claim 1 wherein M is a - C4 
alkylphosphonate deoxynucelotide. 

9. The modified nucleotide compound of claim 8 wherein M is a 
methylphosphonate deoxynucleotide. 

10. The modified nucleotide compound of claim 1 wherein M is an 
alphaphosphodiester 2'deoxynucleoside. 

1 1 . The modified nucleotide compound of claim 1 wherein M is selected from the 
group consisting of an aminophosphonate, phosphotriester, phosphoramidate, 
carbamate or morpholino-substituted nucleotide. 

1 2. The modified nucleotide compound of claim 1 wherein B is directly or 
indirectly attached to the deoxyribose moiety of at least one of the 3'-and 5'- 
terminal nucleotides. 
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13. The modified nucleotide compound of claim 12 wherein 8 is directly or 
indirectly attached to a hydroxyl group of the deoxyribose of at least one of the 3'- 
and 5'- terminal nucleotides. 

14. The modified nucleotide compound of claim 12 wherein B is directly or 
indirectly attached to a phosphate moiety attached to the deoxyribose moiety of 
at least one of the 3'- and 5'- terminal nucleotides. 

15. The modified nucleotide compound of claims 13 or 14 wherein B is selected 
from the group consisting of an interclating agent, an isourea a carbodiimide and 
an N-hydroxybenzotriazole. 

16. The modified nucleotide compound of claim 13 wherein B is a 
methylthiophosphonate. 

17. The modified nucleotide compound of claims 13 or 14 wherein B is a 
polypeptide or protein. 

18. A modified nucleotide compound of claim 1 which includes at least one 
sequence of the formula (N)yM(N)x B wherein B is a modified or unmodified 2', 3'- 
dideoxyribose nucleotide. 

1 9. The modified nucleotide compound of claim 1 wherein y is an integer 
selected from the group consisting of 2 or 3. 
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20. A modified nucleotide compound which contains at least one sequence 
having the formula MNgM wherein N is a phosphodiester-linked unmodified 2'- 
deoxynucleoside moiety containing at least one guanine, adenine, cytosine or 
thymine moiety and M is a methylphosphonate-containing deoxynucleotide. 

21 . A method of inhibiting the function of an RNA, which comprises: contacting 
said RNA, under conditions permissive of hybridization, with a modified 
nucleotide compound which includes at least one complimentary component 
selected from the group consisting of MN3M, (N),M(N)y, (N),M(N)yM, B(N),M(N)y 
and (N)xM(N)yB wherein: 

N is a phosphodiester-linked modified or unmodified 2'-deoxynucleoside 
moiety; 

M is a moiety whose presence confers endonuclease resistance on said 
component and that contains at least one modified or unmodified nucleic 
acid base; 

B is a moiety whose presence confers exonuclease resistance to the 
terminus to which it is attached; and 
X is an integer of at least 2. 

22. The method of claim 21 wherein the RNA Is contacted with a compound 
wherein M and B are the same moiety. 

23. The method of claim 21 wherein the RNA is contacted with a compound 
wherein N contains at least one adenine, guanine, thymine or cytosine moiety. 
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24. The method of claim 21 wherein the RNA is contacted with a compound 
wherein N contains at least one uracil, inosine or 2, 6-diaminopurine moiety. 

25. The method of claim 21 wherein the RNA is contacted with a compound 
wherein N contains at least one 5-halogenated uracil or cytosine or a substituted 
or unsubstituted 7-deazaguanine, 7-deazaadenine or 7-deazainosine moiety. 

26. The method of claim 21 wherein the RNA is contacted with a compound 
wherein N contains at least one methylated adenine, guanine, thymine or 
cytosine moiety. 

27. The method of claim 21 wherein the RNA is contacted with a compound 
wherein M is a Ci-C4alkylphosphonate. 

28. The method of claim 27 wherein the RNA is contacted with a compound 
wherein M is a methylphosphonate. 

29. The method of claim 21 wherein the RNA is contacted with a compound 
wherein M is an alpha-phosphodiester 2'deoxynucleoside. 

30. The method of claim 21 wherein the RNA is contacted with a compound 
wherein M is selected from the group consisting of an aminophosphonate, 
phosphotriester, phosphoramidate, carbamate or morpholino-substituted 
nucleotide. 
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31 . The method of claim 21 wherein the RNA is contacted with a compound 
wherein 8 is directly or indirectly attached to the deoxyribose moiety of at least 
one of the 3'-and 5'- terminal nucleotides. 

32. The method of claim 31 wherein the RNA is contacted with a compound 
wherein B is directly or indirectly attached to a hydroxyl group of the deoxyribose 
of at least one of the 3'- and 5' terminal nucleotides. 

33. The method of claim 31 wherein the RNA is contacted with a compound 
wherein B is directly or indirectly attached to a phosphate group attached to the 
deoxyribose moiety of at least one of the 3'-and 5 - terminal nucleotides. 

34. The method of claims 32 or 33 wherein the RNA is contacted with a 
compound wherein B is selected from the group consisting of an intercalating 
agent, an isourea, a carbodiimide and an N-hydroxybenzotriazole. 

35. The method of claim 32 wherein the RNA is contacted with a compound 
wherein B is a methylthlophosphonate. 

36. The method of claims 32 or 33 wherein the RNA is contacted with a 
compound wherein B is a polypeptide or protein. 

37. The method of claim 21 wherein the RNA is contacted with a compound 
which includes at least one sequence of the formula (N)yM(N)xB wherein B is 
modified or unmodified 2', 3'-dideoxyribose nucleotide. 
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38. The method of claim 21 wherein the RNA is contacted with a compound 
wherein x is selected from the group consisting of 2 or 3. 

39. The method of claim 21 wherein the RNA is contacted with a modified 
nucleotide compound which includes at least one sequence having the formula 
MNgM wherein N is a phosphodiester-linked unmodified 2 '-deoxy nucleoside 
moiety containing at least one guanine, adenine, cytosine or thymine moiety and 
M is a methylphosphonate-containing deoxynucleoside. 

40. A method of identifying a nucleotide compound having a combination of 
nuclease resistance and the ability to form an RNase H substrate when in 
complex with an RNA, which method comprises: 

(i) preparing modified nucleotide compounds; 

(ii) selecting by exo-and endonuclease digestion those modified 
nucleotide compounds of (i) which are nuclease-resistant as shown 
by being capable of forming and electrophoretically migrating as a 
duplex with a complementary nucleotide compound; and 

(iii) selecting by RNase H digestion those of the nuclease-resistance 
nucleotide compounds of (ii) which act as substrates for RNase H 
when hybridized with a complementary RNA. 

41 . A method of treating a human or animal so as to inhibit the function of a 
target RNA therein which method comprises administering a therapeutically 
effective amount of a modified nucleotide compound so as to inhibit the function 
of the target RNA, which modified nucleotide compound includes at least one 
component selected from the group consisting of MN3M, (N)xM(N)y, (N)xM(N)yM, 
B(N),M(N)y and (N), M(N)yB; wherein N is a phosphodiester-linked modified or 
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unmodified 2'-deoxynuceloside moiety, IVI is a moiety that confers endonuclease 
resistance on said component and that contains at least one modified or 
unmodified nucleic acid base, B is a moiety that confers exonuclease resistance 
to the terminus to which it is attached, x is an integer of at least 2, and y is an 
integer. 

42. A compound containing at least 2 separate nuclease resistant components 
each consisting of 2 or more contiguous phosphodiester-linked 2' 
deoxynucleosides; wherein at least one of said contiguous phosphodiester-linked 
2' deoxynucleosides is unmodified. 

43. The compound of claim 42 which is capable of specifically binding with a 
nucleic acid sequence of interest to inhibit the function thereof. 

44. The compound of claim 42 which, when complexed with a complementary 
RNA, confers RNase H sensitivity upon the RNA. 

45. The compound of claim 42 which comprises an oligonucleotide or 
polynucleotide. 

46. The compound of claim 45 wherein the oligonucleotide or polynucleotide is 
modified. 

47. The compound of claim 46 wherein the modified oligonucleotide or 
polynucleotide consists of at least one moiety which confers endonuclease 
resistance and at least one moiety which confers exonuclease resistance. 
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48. The compound of claim 47 wherein the endonuclease-resistance conferring 
moiety also confers exonuclease resistance to the modified nucleotide 
component. 

49. The compound of claim 47 wherein the portion of the compound that can 
function as an RNase H substrate is located between the moiety conferring 
exonuclease resistance and the moiety conferring endonuclease resistance. 

50. A compound containing at least two separate nuclease resistant sequences 
which consists of 2 or 3 contiguous phosphodiester-linked 2'-deoxynucleosides; 
wherein at least one of said contiguous phosphodiester-linked 2' 
deoxynucleosides is unmodified. 

51 . A modified nucleotide compound which comprises at least one component 
selected from the group consisting of MN3M, (N)xM(N)y , (N)^M(N)yM, B(N),M(N)y 
and (N)x M(N)yB wherein: 

N comprises a phosphodiester-linked modified 2' deoxynucleoside 
moiety; 

M is a moiety that confers endonuclease resistance on said 
component and which contains at least one nucleic acid base with a 
3' methoxylphosphonate; 

B is a moiety that confers exonuclease resistance to the terminus to 
which it is attached and comprises a 2', 3'-dideoxyribose 
nucleotide; 

X is an integer of about 2; and 
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y is an integer. 

52. A modified nucleotide compound capable of forming RNase H sensitive 
hybrids and having improved nuclease resistance comprising at least one non- 
terminal moiety that confers nuclease resistance on said compound and contains 
at least one modified or unmodified nucleic acid base and at least one non- 
terminal phosphodiester-linked unmodified 2' deoxynucleoside moiety. 
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We have studied the translation of rabbit globln mRNA in cell free systems (reticulocyte 
lysate and wheat germ extract) and in microinjected Xenopus oocytes in the presence of 
anti-sense oligodeoxynucleotides. Results obtained with the unmodified all-oxygen compounds 
were compared with those obtained when phosphorothtoate or a-DNA was used. In the wheat 
germ system a 17-mer sequence targeted to the coding region of p-g!obin mRNA was 
specrfrcally inhibitory when either the unmodified phosphodiester oligonucleotide or its 
phosphorothioate analogue were used, in contrast no effect was observed with the a-o!igomer 
These results were ascribed to the fact that phosphorothioate oligomers elicit an RNase-H 
activity comparable to the all-oxygen congeners, while a-DNA/mRNA hybrids were a poor 
substrate. Microinjected Xenopus oocytes followed a similar pattern. The phosphorothioate 
oligomer was more efficient to prevent translation than the unmodified 17-mer. Inhibition of 
p-globin synthesis was observed in the nanomolar concentration range. This result can be 
ascribed to the nuclease resistance of phosphorothioates as compared to natural phosphodiester 
linkages, a-oligomers were devoid of any inhibitory effect up to 30 jiM. Phosphorothioate 
ohgodeoxyribonucleotides were shown to be non-specific inhibitors of protein translation at 
concentrations in the micromotar range, in both cell-free systems and oocytes Non-specific 
inhibition of translation was dependent on the length of the phosphorothioate oligomer These 
non-specific effects were not obsewed with the unmodified or the a-ongonucleotid<=*s 



INTRODUCTION 

The use of antisense ciigodeoxynucleolides as specific inhibitors of gene expression has 
undergone a rapid expansion over the past several years (1.2). Central to this approach is the 
presumption that messenger RNAs bound as RNA-DNA duplexes either cannot be translated by 
ribosomes (3-5) or are destroyed by RNase-H (6-10). In order to be effective in vivo. 
synthetic oligonucleotides must share several properties. Among these are :1> chemical 
stability, 2) water solubility. 3) high thermodynamic stability of the RNA-DNA duplex and 4} 
nuclease resistance. Unmodified phosphodiester (PC) DNA meets these requirements except for 
the last one. Thus, a series of modified derivatives have recently been synthesized (11-14). 
Substitution of sulfur for one of the phosphodiester oxygen atoms yields a molecular species 
that meets all four criteria (12). These phosphorothioate (PS) oligodeoxynucleotides have 
indeed recently been shown to inhibit the cytopathic effect of HIV-1 (15; Matsukura et al., 
unpublished results). In experiments in chronically infected H9 cells, the expression of p24 
gag protein was shown to fail >90% in the presence of a 10 ^iM concentration of a 
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phosphorothioate sequence compiementary to !he 5' region of the rev (formerly art/trs) gene. 
The normal congener was ineffeciive as was a methylphosphonale construct. Warcus-Sekura et 
al. (16) showed that an anti-sense phosphorothioate was an effective inhibitor of 
chloramphenicol acetyl transferase activity in the standard CAT assay. In a series of 
experiments conducted in HL60 cells, an anti-sense c-myc phosphorothioate oligomer was 
unable to consistently inhibit cellular proliferation unless supplied in liposomes, whereas in 
multiple experiments, the norma! oligomer inhibited levels of myc protein by >50% at 12 h 
(17). 

Another class of modified oligonucleotide meets the criterion of nuclease resistance. In 
these compounds the nafural p-con!iguralion of the nucleoside is transposed into its a-analogue 
(13, 14. 18-26). However these a-oligonucleotides were reported to be poor inhibitors of 
VSV mRNA translation in rabbi! reticulocyte lysate (27). 

Cell-free systems (28-34) and micro-injected Xenopus oocytes (8,35-37) are 
effective means for evaluating the ability of modified oligonucleotides to act as aniisense 
inhibitors. We present here a comparative study of both unmodified and nuclease resistant 
oligonucleotides tested for their abiliiy to promote selective arrest of rabbi! globin mP.NA 
translation. 

MATERIALS AMD MPTH^'^'i 
OliQOdeQxvnuclaotidfis 

Phosphodiester oligodeoxynucleoiides were synthesized either on a Pharmacia or on an 
Applied Biosystems Model 380B Synthesizer, and were purified via high-pressure liquid 
chromatography (Waters) on a PRP-1 column. Phosphorothioates were synthesized and 
purified via a modification (12) of the procedure of Stec et al. (38). 
Alpha-oligodeoxynucleotides were synthesized on a Pharmacia automatic synthesizer and 
purified as previously described (24). The oligomer length homogeneity was periodically 
evaluated by running samples on 15% polyacrylamide/6M urea gels. After electrophoresis, 
bands were either stained with ethidium bromide and viewed by UV-lighi or revealed by 
autoradiography in the case of 32p-!absl!6d oligonucleotides. All preparations yielded a single 
species in each lane loaded. 

Wheat germ extract was purchased either from New England Nuclear or from Genofit 
(Geneva). Oligomer was added to a translation mixture containing ^Ss.methionine Unless 
otherwise stated experiments in wheat germ extracts were performed under the following 
cond,t.ons: 0.05 ng o! rabbit globin mRNA was mixed with the oligonucleotide and added to 30 mI 
of the translation mixture. The final concentration of total mRNA was 9.3nM (i.e. 3.9nM in 
P-globin). The reaction was run ai 25X during 30 min. Reactions were generally car.-ied out 
without premixing RNA with the oligomer. We showed that premixing did not alter the results. 

Rabbit reticulocyte lysale was purchased from New England Nuclear. The oligomer, at 
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the appropriale concentration, was added lo the translation mixture (25^!) containing 0.1^ 
globin mRNA and 35s-n>ethionine. The samples were then Incubated for 90 tnin at 37»c. 

An aliquot of the reaction mixtures was then analyzed either on a 15% 
polyacrylamide-SDS gel witt, a 5% slack or on a 12% polyacrylamide gei containing 8 mM 
Triton X100 and 6M urea. The gels were jhen fixed in a 40% niethanol/7% acetic acid solution 
for about 1h. soaked in a solution of sodium salicylate ("Fluoro-Hance". Research Products 
International Corp..) for 30 min. and dried under vacuum prior to autoradiography. 
Translation in XfinmfS oocylqs 

Stage 6 oocytes (selected via stereotactic microscopy) were obtained from the 
Laboratolre de Physiologie de Is Reproduction (Paris VI University). Specimens were 
maintained In modified Barth's saline solution (39). 80 nl of a 1/1 (v/v) mixture of globin 
mRNA (50 >ig/ml) and oligomer, dissolved in sterile distilled water, were injected in Xenopus 
oocytes; 4 to 5 hours after injection, oocytes were incubated In the presence of 
S-methionine for about 15 hours. The samples were then homogenized in 20 m (per oocyte) 
of 20 mM Tris. pH 7.6. 0.1 M NaCI. 1% Triton X100 and 1 mM PMSF (40). Proteins w»re 
then analysed by SDS-PAGE electrophoresis on a 13.5% acrylamide gel. Assuming a free 
diffusion compartment of 0.5 0 inside the oocyte, the final intracellular concentration of 
IJ-globin mRNA was about 16 nM. 

1 ftg of rabbit globin mRNA was bound to a nitrocellulose filter by heating at 80«C during 
2 hours. The filter was incubated in a mixure containing about lo'cpm of 32p-label!ed 
oligomer and 2 ml of 6xSSC/10xOenhardfs solution (ixSSC - 0.15 M NaCI. 0.015 M sodium 
citrate. pH 7.2; lOxDenhardfs is 0.2% bovine serum albumin. 0.2% Ficoll. 0 2% 
polyvinyl-pyrolidone). The fitters were then placed in a thermostated holder, and were eluted 
with 6xSSC as the temperature was increased at a rate of l.2'C/min. Thermal eiution profiles 
were constructed, and the Tc determined to be that temperature at which 50% of the total 
counts had been eluted (41). 

QliqQtleoxyniir;!eotiriff-pmm Ptf^ npy ^aoe of ninhm rj ^ f^ r^f^ RM„^n h 

RNase-H from £ coli was obtained from Genofit. Kinetic experiments were run at 37°C 
in a 20 mM Tris-HCl buffer. pH 7.5 containing 100 mM KCI. 10 mM MgClg and 01 mM 
dithiothreitol. Incubations of 0.3ug of rabbit globin mRNA and 30pmoles of oligonucleotide wer- 
performed in a total volume of 30 in the presence of 2.5 units of enzyme. At the appropriate 
times allquots of 5 ^1 were spotted on a nylon membrane. UV-lrradiated membranes were 
probed with 32p 5- end-labelled 17P0-p (Figure 1) and autoradiographed. 

BEsms 

Sequences stuciliflrt 

The sequences of the oligonucleotides used throughout this study and of the 
complementary regions on rabbit a- .3nd p-g!obin mRNAs are given in figure 1. We targeted 
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a) 50 60 

flbglObin ^ A A A C A G A C A. G A AUG GUGCAUCUGUCCAG... 
3* 

TTGTCTGTCTT HPS 

^TACCACGAC&GAGGG ODN-1; S-ODN-1 



OzSlSihm ^ AACCACC A L' G GUGCUGUCUCCCGC 

30 40 



cap-ODN-1 



b) no 120 130 

fLfiifibin.. ^ GAAUGUGGAAGAACUUGGUGGUGAG G... 

ACACCTTCTTCAACCAC HPO-p; I7PS 

V 

CACCTTCTTCAACCAC 16PO-a 
^ ACACCTTCTTCAACCAC l?K)-a 

Figure 1 : Nucleotide sequences of oiigodeoxy nucleotides complementary to a) AUG region of 
rabbit p-g!obin and a-globin (51) and b) coding sequence of rabbit p-globin mRNA. The 
numbering above the RNA sequences refer to the transcription start; the translation 
initiation codor^s are underlined. The abbreviations of the antisense oligonucieotides are 
indicated on the right of the sequences (for details see "Results: Sequences studied"). 
11-mers. 17-mers and the 15-iTser were complementary to the p-globin mRNA and ODN-1 
to the a-globin mRNAs. The latter oligonucleotide can pair with the p-message giving 4 
mismatches (underlined letters in the ODN-1 sequence). 

two regions of the p-globin mRNA, namely nucleotides 44-54 and 113-129 that were already 
selected in a previous study (8). The 44-54 sequence is located immediately upstream of the 
start codon, while the 113-129 sequence is within the coding region of the message. An 
unmodified phosphodiester (PO) oligonucleotide (17P0-P) and phosphorothioate (PS) 
analogues (HPS; 17PS). complementary to these two regions, were synthesized. Two 
a-oligodeoxynucleotides complementary to the coding region were also used. The first one, 
16P0-a, was designed to be in an aniiparailel orientation with respect to the target sequence. A 
second one. 17P0-a was synthesized to bind its target in a parallel orientation. 

In addition we constructed several oligomers complementary to the a-giobin mRNA 
sequence. ODN-1 is a 15-mer sequence complementary to the a-globin initiation codon and 
downstream region (Figure i). This sequence also complements a similar region of the 
3-globin message with the exception of a 4-base mismatch, assuming the formation of two G-U 
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r:PO!^ 17_P0^ HPS 

- - ^ S M 



pLfJtc oJ H ?T 2C,f-"^^2 P^'yacrylamide gel of proteins synthesized in wheat^germ 
f;p'^%^^I^^;3^^^^ '".^^r'^' ^^'^^^^ ^bs^"ce (T) or in the presence of 

17PO-3 17P0-a or 17PS at the indicated concentration. The upper band (arrow) 
corresponds to p-globin and the bwer one to a-globin. ' 

pairs. ODN-l[Sen) is the sense consiryct. ODN-1 and 0DN-1ISen] were also synthesiEed in 
all-phosphorothioate forms (S^ODN-i; S-0DN-1[SenI), In addition, they were also 
constructed with two phosphorothioates at both the 3' and 5' ends, and are referred to as 
cap-ODN-1 and cap-0DN-1(Sen!, respectively, 

A series of random sequences were also made. ODN-2 (5*-dACTCC-3*) is a 5-mer, and 
ODN-3 (5--dCCAAACCATG.3') a lO-mer. O0N.2 and -3 were synthesized as phosphorothioate 
derivatives only. A random 15-mer, termed 0DN.4, with base composition equivalent to 
ODN-1 (5'-dACGCGAGGACCATAGT-3-) contained 5 contiguous phosphorothioates at the 5' and 3* 
ends, separated by 5 phosphodiester linkages. We also synthesized the same 16-mer 
(5*-dACGCGAGGACCATAGT-3') containing alternating PS and PO linkages (0DN-5).The absence 
of perfect complementarity between these oligomers and rabbit globin mRNAs was checked by a 
computer search (CITl 2). 
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Table 1 : Stability of oligonucleolide/RNA hybrids and inhibition of translation by antisense 
oligonucleotides. Temperature of half-dissociation (To) of filter-bound complexes, 
determined as described in Materia! and Methods are gJven in *C. Concentrattons {indicated 
in nM), leading to a 50% decrease of translation either In wheat germ extracts (WGE) or in 
oocytes foltowing co-injection or delayed injections (RNA/olSgo means RNA first; otlgo/RNA 
means oligo first; see text) were determined from curves shown on figures 3 and 6. The 
symbol » Indicates that 50% Inhibftion was not reached at the highest concentration tested. 
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EHficls of QliQonucieotides on >ransl?ttion in cell-free media 

Translation in wheat oerm extract : Translation of rabbit globin mRNA in cell-free systems 
gives rise to two bands corresponding to the a- and p-chains which can be separated on 
Triton-urea-acetic acid polyacrylamide ge!s. in a first set of experiments we compared the 
effects on globin synthesis of three 17-mers, 17P0-P. l7P0-a and 17PS. targeted to the 
coding region of p-globin mRNA {Figure 1). The results shown in figure 2 indicate that 
17P0-P Is a specific anti-sense inhibitor in a wheal germ system: a fifty per cent decrease was 
observed at 50 nM (Table 1) and a total inhibition of p-globin synthesis was attained at 1 ^M, 
whereas a-g!obin synthesis was not affected, in good agreement with a previous report (8). in 
contrast even at 11 nM no effect was observed in the presence of 17P0-a. At low concentration 
(below ca. 1 jiM) a specific decrease of p-globin synthesis resulted from addition of 17PS to 
the translation mixture, 50% inhibition being observed at 50 nM as in the case of 17P0-P 
(Table 1). However, by 1-2 ^iW, the synthesis of a-globin was also decreasing and at 10 pM 
17PS both a- and p-g!obin mRNA synthesis were 100% inhibited (Figure 2). As this 
oligonucleotide is not complementary to any region of a-globin mRNA (no match above than 
70% homology) this should be ascribed to a non-specific effect on translation. Thus, in a 
defined concentration range (<500nM), the anti-sense 17PS inhibits the synthesis only of its 
directed target, i.e., p-globin; and the sense analogue, in that same concentration range, has 
little if any effect on the synthesis of either a- or p-globin (data not shown). 

A similar conclusion regarding antisense specificity can be drawn from experiments 
with HPS, a phosphorolhioate oligomer complementary to the region immediately upstream of 
the AUG codon of p-globin (Figure 1). homologous to an unmodified 11-mer (11P0) that we 
used in a previous study (8). Specific inhibition of p-globin synthesis (at low concentration) 
and non-specific inhibition of a-globin mRNA translation (at high concentration) were 
observed but 1 1 PS was a less efficient inhibitor than 1 1 PO. It should also be noted that higher 
concentrations of HPS {>5 pf^) than those of 17PS were required to observe non-specific 
effects (Figure 3). This can be related to a length effect (see below). 

We also tested ODN-1. a lS-mer complementary to the a-message (Figure 1), in the 
wheat germ system; 100% inhibition of translation was achieved at 1 pM (Figure 4) but no 
inhibition was observed with the sense congener (data not shown). On the other hand, both 
sense and anti-sense S-ODN-l constructs were potent inhibitors of translation at 5 uM. with 
control levels being reached at ca. 500 nM (Figure 4). The region from 500 nM to 5 pM was 
not examined in greater detail in this study. Translation of Brome Mosaic Virus mRNA was also 
inhibited, in the wheat germ system, in the presence of S-ODN-lfSen). to which i| has no 
sequence homology above 70% (Figure 4). 

W© evaluated the dependence of non-specific translation inhibition on phosphorolhioate 
oligomer length. The random 5-mer ODN-2 was not inhibitory to globin mRNA translation up 
to 25 uM and only partially inhibitory at higher concentrations (Figure 4). If the random 



4260 



Nucleic Acids Research 




10 20 30 50 70 

[oti Qonucleot ide] 



Figure .,3 : Effect of 11PS on rabbit p-giobin syn!hes:s. Globin mRNA was either translated in 
wheat germ extracts (0) or in micro-injected Xenopus oocytes (®). ^^S-labe!Ied proteins 
were analyzed by gel electrophoresis (see Materials and Methods), p-globin synthesis was 
determined from densito-meter tracings of autoradlographs. relatively to the synthesis 
observed in the absence of added cligodeoxynudeotids. 

10-mer, (ODN-3). was used In !he translation assay, control levels of protein synthesis were 
not achieved at concentrations higher than 3 ^iM. ODN-3 has no complementary sequence 
matching better than 70%, neither In a- nor in p-giobin mRNA. In the case of ODN-1 several 
sequences where found that couid form four base pairs. Such hybrids are not expected to be 
stable under our conditions. A 28-nDer, S-dC28. wss also examined in the wheat germ system. 
This oligomer is capable of inhibiting the cytopathic effect of the HIV virus in newly infected 
H9 cells, at concentrations in the low micromolar range (15). S-dC28 was the most potent 
inhibitor tested in this system: iransiation of globin mRNA was entirely inhibited above 500 
nM. 

As the non-specific inhibitory properties of phosphorothioate oligodeoxynucleolides 
appeared to be highly length dependent, we wanted to determine if a molecule containing blocks 
of contiguous phosphorothioates (where each block was Itself too short to be an inhibitor) could 
act in summation to produce an effective Iransiation inhibitor. Because we knew that a 5-mer 
phosphorothioate had a limited inhibitory effect on translation, we synthesized a random 
16-mer ODN-4. with base composition essentially equivalent to ODNO, containing 5 
contiguous phosphorothioates at the 5' and 3* ends separated by 5 phosphodiesler linkages. 
When tested in the wheat germ system, 100% inhibition of translation was seen at 
concentrations higher than 6.25 (Figure 4). Thus, this molecule does not t>ehave as if it 
were two separated 5-mers, but rather as if it were a 10-mer (compare to ODN-3}. 

The non-specific inhibition of translation is not related only to the length of the 
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Fipure 4 : Translation of rabbit globin mRNA and Brome Mosaic Virus mRNA in the wheal germ 
system in the presence of various oligomers: ODN-1 is a 15-mer complementary to 
a-globin mRNA; S-ODN-1 is the phosphorothloale analogue; ODN-1 [Sen] and 
S-ODN-1{Senl are the ssns oligomers; cap-ODN-1 contains two phosphorothioate linkages 
at the 5'- and at the 3'-ends; 6dN-2 and ODN-3 are random phosphorothioate 5-mer and 
10-mer, respectively; OON-4 is a random 15-mer composed of two blocks of 5 
phosphorothoates separated by 5 phosphodiesters (for more details see "Results; Sequences 
studied^. C«control (no added oligomer). Numerals above each lane are the concentration 
of added oHgomer (in or in rM), incubatk>n time was 120 min. at 22^C. 
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oligomer: cap-ODN-1 (antissnse) also snhibiled protein translation (100% beiow 3 jiM) 
while the sense congener exhibited dose dependent inhibition above 3 {data not shown). 
This non-specific inhibition was unexpected as the molecule contained only two 
phosphorpthioates at each end. In contrast^ a concentration of 100 jiM ODN-5, a random 
16-mer with essentially the same base composition as ODN-1 and containing eight alternating 
phosphorothioates, was required for 100% inhibition of translation (data not shown). 
Translation in rabbit f eticulocvle Ivsate : When ODN-1 was used in the reticulocyte lysate 
system, concentration dependent inhibition of globin synthesis was observed, with 100% 
inhibition (a- plus p-) seen at 100 jiM, while no inhibition was seen for the sense analog 
(5*-dATGGTGCTGTCTCCC-3*) up to 100 \iU (Figure 5). This is approximately a 100-foid 
decrease in sensitivity as compared to the wheat germ extract, and may reflect low levels of 
RNase-H activity present in reticulocyte lysate (7). However, when phosphorothioates of 
identical sequence were used under similar reaction conditions, both the sense and the antisense 
15-mers were 100% inhibitory (a- plus p-giobin) above 6.25 jiM (Figure 5). Note that the 
sense construct appears to be even more inhibitory than the anti-sense species below 6.25 ^M. 
This observation precludes the existence, under these reaction conditions, of even a narrow 
concentration range, or "window", of anti-sense specificity in the rabbit reticulocyte system. 

The effect of S-oligomer length on inhibition of translation was also evaluated in the 
reticulocyte lysate system. ODN-2, a random 5-mer, was not inhibitory at any concentration 
tested (up to 100 ^iM), while ODN-3, the random 10-mer, was inhibitory { a- plus jJ-globin) 
at concentrations above 25 ^iM, S-dC2g and its phosphodiester congener 0-dC23 were tested. 
They both bind to the reverse transcriptase of HIV-1 (50) but 0-dC28 has a lower affinity 
than S-dC28 In the reticulocyte lysate system, 0-dC28 did not inhibit protein translation at 
100 nM, while S-dC23 was virtually completely inhibitory at concentrations higher than 3 jiM 
(Figure 5). 

Variants of ODN-1, which contains two phosphorothioates only at the 3' and 5* end, were 
also examined in the reticulocyte lysate system. For the antisense construct (cap-ODN-1), a 
dose dependent inhibition of protein translation was observed, with 100% inhibition (a- plus 
p-g!obin) seen at 100 jiM (Figure 5), Control levels of translation were achieved below 25 nM. 
In experiments with the sense construct (cap-ODN-1 (Sen]), no inhibition was seen until a 
concentration of 100 jiM was obtained. Thus, in this system, there appears to be a window of 
antisense specificity in the 25-100 jjiM concentration range. 
Xenopus oocytes : 

Following micro-injection, p-globin mRNA is efficiently translated in Xenopus oocytes 
(the synthesis of the a-po!ypeplide requires the presence of hemin). Figure 6 displays the 
results of the gel electrophoresis of oocyte proteins after co-injection of rabbit gtobin mRNA 
with two different concentrations of both normal (17PO-P). a (17P0-a) and phosphorolhioate 
(17PS) oligomers. Results similar to those in the wheat germ system were* obtained. 17P0-a 
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Figure 5 : Translation of rabbit globin mRNA in the reticulocyte lysate system in the presence 
of various oligomers {see legend of figure 4). C=conlrol (no added oligomer). Numerals 
above each laneare the concentration of added oligomer (In ^iM or in nM). Incubation time 
was 90 min. at 37^C. 



did not Inhibit p-globin synthesis al either concentration (3.2 nM or 16 ^iM. lanes 3 and S). 
Both 17PO-P and 17PS were paniaHy inhibitory at low concentration (lanes 7 and 8). At 
higher concentration (16 ^M) 17P0-p selectively inhibited the production of p-giobin. In 
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£iau£fi_^ : Effect of various 17-mers on the synthesis of rabbit p^globin in micro-injected 
Xenopus oocytes. Autoradiograph of a 12.5% polyacrylamlde-SDS eel of proteins 
synthesized in oocytes injected with rabbit globin mRNA in the absence (lane 2) or in the 
presence of 17P0-a (lanes 3 and 6). 17PS (lanes 4 and 7), or l7PO-p (lanes 5 and 8) at 
a concentration of 16 nM (panel a lanes 2-5) or 3.2 jiM (panel b, lanes 6-8) Lane 1 
corresponds to non injected oocytes. The arrow indicates the position of p-globin. 

contrast, global protein synthesis was completeiy prevented by 17PS at this latter 
concentration (lane 4). This result was reminiscent to the non-specific effect induced by this 
oligomer In the wheat germ extract. 

When the oligomers were co-Injected with the message, the ability of 17PS to 
specifically inhibit p-globin production was greater than that of its oxygen analogue at similar 
concentrations (Figure 7 and Table 1). This may be due in part to the decreased sensitivity of 
this compound to nucleases (12). The effect of nuclease resistance on translation inhibition 
was better seen when a delay was introduced between Injections of the oligomer and of the 
globin mRNA. Specific inhibition of g-globin synthesis still occurred when 17PS was injected 
6 hours prior to the message although it was (ess efficient than upon co-injection. The 
concentrations leading to 50% reduction were 30 and 3 nM respectively (Figure 7b and Table 
1). In contrast no effect was detected when 17P0-P was injected 6 hours prior to mRNAs even 
when the oligomer concentration was as high as 3 (Figure 7a). 

In order to lest a more physiological siluation in which the mRNA was already engaged in 
translation (as is the case for endogenous RNAs from the oocyte). 17-mers were injected 6 
hours after globin mRNA. Previous experiments have shown that within 6 hours after 
microinjection, globin mRNA is recruited into polysomes and efficiently translated. Specific 
inhibition of P-g!obin synthesis was observed in the nanomolar range with 17PS whereas 100 
fold higher concentrations of 17PO-g were required for half-inhibition (Figure 7 and Table 
1). 

in fair agreement with whaf was observed in the wheat germ extract. 1 1 PS was much 
less inhibitory (3 orders of magnitude) In oocytes compared to 17PS. Concentrations in the \M 
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Figure 7 : Effect of 17P0-P (a) and 17PS (b) on the synthesis of rabbit p-gtobin in 
micro-injected Xenopus oocytes. Gtobin synthesis was determined from densitometer 
tracings of autoradiographs, re!ati\/ety to the synthesis observed in the absence of added 
oligodeoxynucteotide. Oligonucleotides injected 6 hours prior to (a), 5 hours after m or 
coinjected with the mRNA Inset in pane! (b) is an enlargment of the curve (©) in the 
main figure. 

range had to be used to observe 50% inhibition (Figure 3). This is probably due to the weak 
affinity of Shis oligomer for its target as indicated by a low value of the melting temperature of 
the DNA-RNA duplex (Table 1). it is worth mentionning that the unmodified 11 PO had no effect 
at any concentration up to 20[lM (8). 

The differences in inhibition efficiencies between the various oligomers could be related 
to their affinity for their targe! or to the sensitivity to RNase-H of the hybrid they formed 
with p-globin mRNA. In particular it was of interest to understand why the a-oiigomer had no 
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effect on translation. To delineate this we first Investigated the binding of 17-mers to the 
mRNA and then the sensitivity of oligonucieolide-mRNA hybrids to RNase-H. 
-Tngfma{ sta bil ity 

We compared the affinity of rabbit gfobin mRNA for various oligonucleotides, namely 
17P0-P. UPS, 17P0-a and 16P0-a using hybridization experiments (see Materials and 
Methods). The two a-oligomers have the same target but whereas 16P0-a was designed to bind 
RNA in an antiparallel orientation, 17PO-ot was synthesized to bind in a parallel orientation 
{Figure 1). We did not delect non-specific interactions between oligomers and the filters. All 
oligonucleotides but one. 16P0-a. gave a signal from thermal elution of filter-bound 
complexes (data not shown). Binding of 17PO-ato the immobilized mRNA indicated that this 
a-oligodeoxynudeotide formed a double-stranded structure with RNA in which the two chains 
run parallel to each other, in good agreement with a previous report (27). Assuming AH values 
are similar for all three oligonucleotides, relative affinities of 17-mer analogues for globin 
mRNA can be deduced from the relative temperatures Tc of half-dissociation of the complexes, 
given in Table 1. Even though Tc obtained with 17P0-awas lower than that of its p-homolog it 
was still higher than that of 17PS. Binding of 17P0-a occurred specifically to its target region 
of p-giobin mRNA as demonstrated by a competition experiment : translation inhibition of 
P-globin mRNA by 17P0-p was reversed by addition of an excess of 17P0-a both in wheat 
germ extracts and in Xenopus oocytes, indicating that the two oligomers competed for binding to 
the same RNA sequence (data not shown). Therefore the failure to inhibit rabbit p-globin mRNA 
translation with the a -derivative cannot be ascribed to a weak stability of the 
a-oligonucleotide/mRNA hybrids. 
RNase-H activity on otioodeoxynude otide-RNA hybrids 

It was shown that RNase-H, which cleaves the RNA part of RNA-DNA hybrids, amplified 
the antisense effect produced by oligodeoxynucleotides both in wheat germ extracts and in 
Xenopus oocytes (6-9). We therefore investigated the activity of RNase-H on RNA associated 
with various complementary 17-mers (17PO-P, 17P0-a and 17PS). Rabbit globin mRNA was 
incubated, in the presence of the oligomers, with E.coVi RNase-H. Aliquots of the mixtures were 
withdrawn at various times, spotted onto nylon membranes and probed with ^^P end-labelied 
17P0-P. As shown on figure 8 no RNase activity was detected during the time course of the 
experiment in the absence of added oligonucleotide. Oh the other hand the presence of the 
various 17-mers did not prevent binding of the probe. Under our experimental conditions 
about 85% of the p-globin mRNA was cleaved by RNase-H after a 2 h incubation in the 
presence of 17PO-p. Under the same conditions. 50% mRNA remained intact in the presence of 
17PS. whereas no degradation was detected with 17P0-a. Therefore, although the 
a-oligonucleotide was bound to its target, the hybrid was not recognized as a substrate by E.coU 
RNase-H. In contrast the phosphorothioate analogue was able to Induce the cleavage of the 
complementary RNA as previously observed with homooligomers (12). 
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Figure 8 : Oligonuclsotide-induced cleavage of rabbit p-globin mRNA by RNase-H. Dot-bio! of 
globin mRNA incubated in the absence (T) or in the presence of 17-mers listed on the left 
side, in the absence {-) or in the presence of E.coli RNase-H {+), during the time indicated 
(in minutes) at the top of the autoradiograph. The blot was probed with ^^P-5*end-Iabeiled 
17P0-P. 



As pan of our studies on the use of oligodeoxynucleotides as specific inhibitors of gene 
expression, we have chosen to examine modified oligomers with respect to their abilily to 
inhibit protein translation. We have focused on two modifications, phosphorothioate DNA and 
a-DNA which render oiigonucieotides resistant to nucleases, and have compared these with the 
normal analogues. 

The expected inhibition of globin synthesis in the reticulocyte lysate system and in the 
wheat germ extract was observed with normal antisense oligomers in agreement with previous 
reports (8, 28, 42, 43). By contrast, the situation with modified oligonucleotides was more 
complicated. In wheat germ extract no effect on p-globin synthesis was detected in the presence 
of a-o!igomers (either a parallel 17-mer or an antiparallel 16-mer), targeted to the coding 
region of the p-globin mRNA, even at high concentrations (>30 (iM). The same results were 
obtained in Xenopus oocytes: none of the two a-oligodeoxynucleotides inhibited translation of 
microinjected rabbit globin mRNA. This anti-p-globin sequence was synthesized in both 
orientations because, atthough it has been known for some time that a-DNA forms 
parallel-stranded structure with p-DNA (19-23), it was more recently reported that a-dTg, 
linked to a phenanthroline-copper complex, binds to polyrA in the antiparatlel orientation 
(25). Our studies with filler-immobilized globin mRNA showed that only the parallel 17P0-a 
hybridized to rabbit globin mRNA, in fair agreement with a recent work using two other mRNA 
species (27). Therefore it seems possible that the orientation of the two strands in an 
a-DNA/p-RNA hybrid depends on the base sequence of the a-oltgodeoxynucleottde or that 
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a-oligothymidy.a,es represent a unique case where the two strands are antipara.le. rather 
than parallel. 

The absence of inhibitory effect of the parallel ITPO-a is clearly due lo th« lack of 
activity Of RNase-H on the hybrid formed with p-globin n,RNA. Preliminary inves.gations 
uTZ , T " <" 17.mer complementary ,o the region 

3-129 Of the p-globin mRNA support this conclusion. This phosphonate oligomer (a gif, 
from Dr. Zon) d.d no. prevent g-g.obin synthesis neither in the wheat germ cell-free system 
nor m m.cro-iniected Xenopus oocytes at any concentration (up to SOuM, This 
me^lphosphonate IZ-mer failed to induce the degradatton of the targe. mRNA by the f. co// 

Such an RNase-H activity was previously shown to be present both in wheat germ 
extracts and in microlnjected oocytes (8). Both the normal 17P0 and Its phosphorothioale 
aMogue 17PS induced the RNaseH activity and were strongly inhibitory in L systenls. 
hybnds formed by rabbi, 3.globin with 17PS were no, more susceptible ,o RNase-H ,han the 
ones formed wl,h the PO analogue in ..ntrast to what was observed with oligo(dT)-s (12) This 
CO. ansa either from differences in hybr. s,ruc,ares or from enzyme specLIy. Since 

oToIo ''T'? ^ complementary 

0 godeoxynucleohdes i, migh, be of interes, ,o targe, A-rich sequences by phosphorothloate 
oligomers tn order ,o take full advantage of mRNA degradation. 

The experiments with phosphorothloate oligomers in microlnjected Xenopus oocytes 
«>nf.m wha. was surmised from cell-free experiments. The nuclease resistance proper,ie of 
he S-o gonucleo.«es make them very actK,e even if microinjeced long before the message 
(Table 1). As a consequence of both DNase resistance and RNase-H acth^ation. nearly complete 
.nh.b..,on could be achieved at concentrations in the low nanomolar range, i e at a 
s o.chiome.,y of about one ollgonuc.eot«e per four mRNA molecules indicating a catalytic effect 
or th.s ol^onucleotide. Resul,s obtained from competition experiments between l7PO-a on 
he one hand and 17P0.p or ,7PS on the other hand are also relevant : inhibition of p-globin 
rans a,.on y either of the latter two oligomers can be reduced by co-iniection of 17P0.r 

enect in the presence of 17P0-p was lower than that in the presence of 17PS (data not shown^ 
Th.s couid be ascribed to the imracellular degradation of 17P0-P by DNases which results in a 

e penmen,. These conclusions with respect to inhibition of translation are summarized in 



otobin TaT ''"^ "'"^^ weakty ,o 

r M r J " ' " ^'^"^^ Cleavage of mRNA by B oo,> 

P-glob,n symhesis. In microlnjected oocytes 17PS is about ,en ,imes more aCive ,han in the 
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NO 



NO 



Table 2 : Properties of unmodified, phosphorothioate and alpha-antisense 
oligodeoxynuclectides, 

cell-free system whereas 17P0 has quite similar activity. Therefore there might be other 
factors than nuclease resistance, hybrid stability and RNase-H susceptibility which are 
playing a role in the efficacy of oiigodeoxynucfeotides at inhibiting protein synthesis. One such 
factor could be different comparlmentaiization of the two oligomers inside oocytes. The kinetics 
of RNase-H cleavage could also be different in the two systems. 

At least at low concentrations (<1^M for 17PS) phosphorothioate analogues fulfill the 
criteria of anti-sense specificity: 17PS inhibits the synthesis of its target only, i.e., p-g!obin. 
But in this paper, we have demonstrated that these derivatives may be non-sequence specific 
inhibitors of protein synthesis if the concentration is not optimized. We have shown that this 
effect is highly concentration and length dependent: in wheat germ extract a 5-mer PS was not 
toxic at 100 \M but a 1 5-mer containing two blocks of 5 contiguous phosphorothioates behaved 
like a 10-mer PS. In contrast, in the reticulocyte lysate, a 1 5-mer phosphodiester capped 
with phosphorothioate units at both ends exhibited specific behavior close to that of the 
all-phosphodiester analogue. The results presented in this paper can be discussed with respect 
to the effects of S-oligomers in other systems. For instance studies on HIV replication and 
protein expression have revealed two distinct mechanisms of Inhibition by phosphorothioate 
oligodeoxynucleotides: one sequence (antisense) specific^ the other non-sequence specific (15, 
44, Matsukura et al., unpublished results). Kinetic studies of cellular uptake of fluorescent 
oligomers have identified an 80kD protein as a possible cell surface receptor for 
oligonucleotides and related substances (45. 46). In addition, Zhang et al. (unpublished 
results), have shown that the 80kD protein binds phosphorothioate with greater avidity than 
normal DNA. A similar observation was noted for HIV reverse transcriptase, which also binds 
phosphorothioate DNA with higher affinity than its oxygen congener (50). In subsequent 
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experiments, it has been shown that although both phosphorothioate oligomers and their 
normal counterparts bind to ribosomes, the former is not displaceable (Stein and Neckers, 
unpublished results). It is thus of interest to note that when 17PS was injected into Xenopus 
oocytes in high enough concentrarion (16 ^iM), total protein synthesis was abolished and the 
oocytes exhibited altered pigmentation and then underwent extensive cytolysis. These 
observations may account for the non-specific cellular cytotoxicity observed when cells are 
exposed to concentrations of phosphorothioate DNA above 25-50 \lM for extended limes. 
However it Is worth noting that in Xenopus oocytes specific translation inhibition by a 17-mer 
was achieved in the nanomolar range i.e. at concentrations three orders of magnitude lower than 
that at which toxic effects took place. 

From the standpoint of antisense strategy, phosphorothioate DNA appears to be one 
promising member of the class of modified oligonucleotides. These compounds will very likely 
be alternative tools to unmodified derivatives in the field of developmental biology and in drug 
research. These compounds couid allow one to specifically ablate the expression of a gene in 
cells at very low concentrations of antisense molecules, without detrimental effect or 
interference with the intracellular nucleotide pool, in contrast to recent reports in which 
unmodified phosphodiester oligonucleotides have been used (47-49). 
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ABSTRACT 

Three types of 14-mer oligonucleotides were hybridized to human j3-globm pre-mRNA and the resultant 
duplexes were tested for susceptibility to cleavage by RNase H from E.coli or from HeLa cell nuclear 
extract. The oligonucleotides contained normal deoxynucleotides. phosphorothioate analogs alternating 
with normal deoxynucleotides, or one to six rnethylphosphonate deoxy nucleosides. Duplexes fonried 
with deoxyoligonucleotides or phosphorothioate analogs were susceptible to cleavage by RNase H 
from both sources, whereas a duplex formed with an oligonucleotide containing six rnethylphosphonate 
deoxynucleosides alternating with norma; deoxynucleotides was resistant. Susceptibility to cleavage 
by RNase H increased parallel to a reduction in the number of rnethylphosphonate residues in the 
oligonucleotide. 

Stability of die oligonucleotides m the nuclear extract from HeLa cells was also tested. Whereas 
deoxyoligonuclcotides were rapidly degraded, oligonucleotides containing alternating 
rnethylphosphonate residues remained unchanged after 70 minutes of incubation. Other oligonucleotides 
exhibited intermediate stability. 

INTRODUCTION 

Antisense oligonucleotides are increasingly used as modulators of cellular and viral gene 
expression (see ref. 1 -4 for review). Three classes of oligonucleotides have been used 
in recent investigations; aniisense deoxy oligonucleotides (D-oligos), their modified 
counterparts and antisense RNA. All three classes have been effective in inhibiting 
expression of specific genes. For example, in their pioneering work Zamecnik and 
Stephenson (5) showed that D-oligos complementary to a segment of reiterated terminal 
sequence of Rous sarcoma virus inhibit viral replication. More recently phosphorothioate 
deoxyoligonucleosides (S-oligos, developed by Eckstein and coworkers, see ref. 6 for 
review), rnethylphosphonate deoxyoligonucleosides (MP-oligos, developed by MiUer, Ts'o 
and coworkers, reviewed in ref. 7) as well as D-oligos have been shown to inhibit replication 
of the human immunodefficiency vims when they were complementary to essential viral 
sequences (8-1 1). Other modified oligonucleotides that inhibit expression of specific genes 
include phosphoroamidate oligonucleosides (9), oi-oligonucleotides (12,13), and polylysine 
(14), psoralen (15) and acridine conjugated oligonucleotides (16,17). The discovery that 
the expression of some procaryotic genes is controlled in vivo by endogenous antisense 
RNA (reviewed in 18 and 19). and that expression of thymidine kinase can be inhibited 
by antisense RNA transcribed from a recombinant expression vector (20,21) showed that 
antisense RNA may also be useful in inhibiting the expression of specific genes. This early 
work led to a number of subsequent smdies extensively reviewed in ref. 18. 
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Most of the reports discussed above focused on the final effect of antisense 
oligonucleotides on gene expression without detailed studies of the mechanism of inhibition. 
The two most likely mechanisms of inhibition appear to be 1) direct blocking in pre-mRNA 
and/or mRNA of sequences important for processing or translation and 2) degradation 
of the RNA transcript by RNase H at the site of oligonucleotide binding. RNase H cleaves 
the RNA component of RNArDNA hybrids and is abundant in the cytoplasm and nucleus 
of a large number of organisms (22). Recent reports show that cleavage of RNA;DNA 
duplexes by RNase H was pre^iominantly responsible for the inhibitory activity of D-oligos 
in several experimental systems (23-25). However, only limited data are available 
regarding ihc mechanism of action of modified oligonucleotides (3,26,27). In addition, 
discrepancies exist concerning the effects of antisense molecules. For example, antisense 
MP-oligos were found inhibitory in some but not all systems (10, 11 , 26,28,29) and a 1(X)0 
fold excess of antisense RNA did not inhibit tlie activity of chloramphenicol acetyl transferase 
expressed in transfected CVl cells (30). These observations suggest that more detailed 
investigations are needed to discern the mechanism of inhibition by antisense 
oligonucleotides. 

Since there are indications that RNA:MP-oligo duplexes are resistant to RNase H (3,26) 
we decided to study in more detail the effect of incorporation of methylphosphonate 
deoxynucleosides into D-oiigos on the susceptibility of pre-mRNA:DNA duplexes to RNase 
H cleavage. To this end we have used a series of l4-mer oligonucleotides substituted with 
one to six methylphosphonate deoxynucleosides. For comparison, we have also tested a 
14-mer D-oligo and a 14-mer S-o!igo containing alternating deoxynucleoddes and 
phosphorothioate analogs. We found that D-oiigo and an alternating S-oligo form duplexes 
with pre-mRNA that are cleaved by Exoli RNase H and by the RNase H present in a 
crude nuclear extract from HeLa cells. In contrast, RNA in duplexes formed with an MP- 
oligo containing six methylphosphonate deoxynucleosides alternating with deoxynucleotides 
is resistant to cleavage by RNase H from both sources but becomes susceptible if the number 
of methylphosphonate deoxynucleosides in the oligonucleotide is decreased. 

MATERIALS AND iMETHODS 

Oligonucleotide synthesis. Oligonucleotides were synthesized on a DNA synthesizer 
(Applied Biosystems) using standard jS-cyanoethyl cycles (31). Materials for synthesis were 
supplied by Applied Biosystems or American Bionetics. D-oligos were deblocked and 
cleaved from ±t column with following the Applied Biosystems protocol. S-oligos were 
obtained in a purified form from Dr. Scott Eadie (Applied Biosystems). MP-oligos were 
cleaved from the solid support column by ethylenediamine:absolute ethanol (1:1 v/v) 
treatment at 55 °C for 55 minutes, eluted with absolute ethanol followed by ethanol-water 
(1:1 v/v), lyophilized and resuspended in water. O.D.jeo was measured for each sample 
and the oligonucleotides were used in this form for all experiments. When necessary, ail 
oligonucleotides were end labeled with [^^PJ 7-labeIed ATP using T4 polynucleotide 
kinase in 1(X) mM Tris pH 7.5, 20 mM MgCl2,!0 mM DTT, 0.2 mM spermidine, 0.2 
mM EDTA at 37 ""C for 30 minutes as recommended by the supplier (New England Biolabs). 
Pre-mRNA transcription. The DNA plasmid containing the human i5-gIobin gene cloned 
under the control of the SP6 promoter (pSP64HbA6, see ref. 32), was digested with the 
restriction endonuclease Bam H! and transcribed and capped in vitro as described (33) 
using SP6 polym.erase and P^P] labeled GTP (New England Nuclear). This produced a 
human ^-globin pre-mRNA loincated at the 3' end of the second exon. 
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figure 1, Target RNA and antisense oUgonucieotides. The structure of the truncated human ^-globin pre-mRNA 
used for hybridization with the oligonucleotides is shown. Exons (boxes) intron (thin line) and splice sites (5' 
and 3' ss) are indicated. The transcript is terminated at a Bam HI site close to die 3' end of the second exon. 
The positions where oligos # 1 and ff 2 hybridize to the pre-mRNA as well as the sequence of the oligos are 
also shown. Dots in the oligonucleotide sequence show the position of the methylphosphonate or phosphorothioate 
intemucleotide bonds in MP- and S-oligos. Oligo # 1 was used as a normal deoxyolignuclcotide (DA), an alternating 
phosphorothioate (S. 1) and an alternating niet)iyJphospho?\ate (MP. 1). Oligo # 2 was used as a deoxyoligonucieotide 
(D.2) or containing an increasing number of methylphosphonate residues per molecule (IMP.2-6MP.2). 

RNase H cleavage. E.coli RNase H was obtained from Bethesda Research Laboratories. 
Nuclear extract from HeLa cells (32,34) was used as a source of eucaryotic RNase H. 
Oligonucleotides (25 pmoles) and (^^P] labeled pre-mRNA (10 pmoles) were hybridized 
in vitro at 40**C for 10 minutes in 10 yX of the following reaction mixture: for cleavage 
by E. coli RNase H, the hybridization was performed in 130 mM ammonium chloride; 
for cleavage by RNase H from HeLa cell nuclear extract, the hybridization mixture contained 
12.5 mM ATP, 8.25 mM MgCl2, 50 mM creatine phosphate and 6.5% polyvinyl alcohol. 
Following hybridization, for the E.coli enzyme, the reaction was performed at 37''C for 
30 minutes in a total volume of 20 ^1 containing 130 mM ammonium chloride, 10 mM 
Tris pH 7.5, 10 mM magnesium acetate, 5% sucrose and 1^1 of RNase H. For the HeLa 
enzyme, 15 /il of the nuclear extract was added and the reaction was performed at SO^'C 
for 15 minutes. The extract contributed several buffer components so that the final 
concentrations of the reagents were 5 mM ATP, 3,3 mM MgCl2, 20 mM creatine 
phosphate, 2.6% polyvinyl aJcohol, 12.8 mM HEPES, pH 7.9. 14% glycerol, 60 mM 
KCl, 0.12 mM EDTA and 0.7 mM DTT, i.e., standard conditions for in vitro splicing 
of pre-mRNA (34). RNase H cleavage products were analyzed by electrophoresis on a 
5% polyacrylamide followed by autoradiography. 

Primer extension. Primer extension assay was performed in a 10 /xl reaction containing 
100 mM Tris pH 7.5, 100 mM MgCl2/200 mM NaCl, 25 pmoles of oligonucleotide, 
10 pmoles of [^^Pl-pre-mRNA, 5 /iCi of [3-P]-a-Iabeled dATP, 2.5 mM deoxynucleotide 
triphosphates and 1 ^1 of AMV reverse transcriptase (Life Sciences). The primer extension 
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Hgure 2 A. Cleavage of pre-mRNA in duplexes with D-o!igo, S-oligo, or MP-oligo by RNase H from E.coli. 
[^-P]-pre-mRNA was hybridized with oligonucleotide ^ 1 (see Fig. 1) in the form of D-o!igo (D.i, lanes 4 and 
5), aitemating S-oIigo (S. 1 , ianes 6 and 7)), or alternating MP-oIigo (MP, 1 . lanes 8 and 9) and incubated without 
(-) or with (+) RNase H from E. coli. The resulting RNA products were separated on a 5% polyacrylamide 
sequencing gel. A schematic structure of RNase H cleavage products is shown at right. Below the figure* the 
stpjcture of the pre-mRNA, the position of binding of oligonucleotide # I, and cleavage by RNase H are shown. 
In this and subsequent figures, M (lane 1) denotes size markers (Hae III digest of <l»X174 in this figure and products 
of 0-globin pre-n:iRNA ^icing in the following figures), T Oane 2) denotes untreated RNA transcript (approximately 
3 times the amount of radioactive RNA was loaded in this lane), -oiigo (lane 3) denotes pre-ntRNA nwck hybridized 
and incubated with RNase H in the absence of oligonucleotide. 

products were electrophoresed and autoradiographed as above. 
Stability of oligonucleotides. Oligonucleotides, 5'-end labeled with [^^P], were incubated 
in the HeLa cell nuclear extract for 0-70 minutes in the same buffer conditions as described 
above and subsequently analyzed on a 20% polyacrylamide sequencing gel. The gels were 
autoradiographed and the amount of intact material and degradation products was quantitated 
by densitometry. As a measure of degradation a ratio of the amount of the intact 14-mer 
to a smallest degradation product, the mononucleotide, was calculated and plotted in figures 
3 and 7. This way of calculation was carried out to compensate for the activity of 
phosphatases, which might be present in the nuclear extract and could gradually remove 
the radioactive label, 

RESULTS 

A capped fragment of human /9-gIobin pre-mRNA (Fig. 1), obtained by transcription in 
vitro (see Materials and Methods), was hybridized to three types of 14-mer oligonucleotides 
that included a normal deoxynucleotide (D-oIigo), a phosphorothioate analog (S-oiigo), 
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Figure 2B. Cleavage of pre-mRNA in dupiexes with D^sligo, S-oligo or MP-oHgo by RNase H from HeLa 
cell extract. The same [^^P]-pre-mRNA:oiigo duplexes as in A were treated with RNase H from HeLa cell nuclear 
extract (lanes 4. 5, and 6). RNA products were analyzed as in A and die structure and posiuon of the RNase 
K cleavage products are shown on the right. !n lane ! , pre-mRNA was spliced in vitft) and the resulting products 
used as size nnarkers.The size and structure of the splicing products is shown at left. Asterisk indicates aberrant 
niigration on the gel of the splicing intemiediates contiiining lariat. Below the figure, a diagram of the RNase 
H site of cleavage is shown. 



and a series of oligonucleotides containing an increasing number of methylphosphonate 
deoxynucleosides (MP-oiigos). The D-oiigo, the S-oJigo and one of the MP-oligos were 
complementary to nucleotides 360-373 in the second exon of human ^-globin pre-mRNA 
(Fig. 1, oligo 1). The S-oligo and the MP-oIigo contained alternating phosphodiester and 
modified intemucleotide bonds. An additional series of MPnDligos, which contained from 
one to six methylphosphonate deoxynucleosides positioned in the oligonucleotides as shown 
in Fig. 1, was complementary to the 5' splice site, at nucleotides 148- 161 (Fig. 1, oiigo 
2). Substitution of six methylphosphonate deoxynucleosides resulted in an MP-o!igo 
containing alternating methylphosphonate and phosphodiester intemucleotide bonds. The 
duplexes formed with these oiigonucleotides were tested for their susceptibility to hydrolysis 
by RNase H. 

The pre-mRNA hybridized with the normal D-oligo, complementary to the second exon 
(Fig. 1, oiigo 1), was incubated with E.coH RNase H and the RNA isolated from the reaction 
was analyzed on a 5% polyacrylamide sequencing geL Part of the RNA was cleaved into 
two fragments of approximately 360 and 120 nucleotides (Fig. 2A, lane 5). Longer 
incubation with a larger amount of enzyme led to complete cleavage of the RNA into the 
same two fragments (results not shown, see also Fig. 5, lane 9). The larger cleavage product 
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'?*^w;^ w"'*^ °^ oligonucleolide # I in a HeLa cell nuclear extract. D-oligo (D. 1). S-oIigo (S.l) and MP- 
ol.go (MR!) forms of oligonucleotide » 1 were labeled with (»P) using T4 polynucleotide kinase and incubated 
from 0-70 minutes in a HeU eel! nuclear extract. The oligonucleotides were separated on a 20% polyacryiamide 
sequencing gel and the a.-nouni of intact material and degradation products was quantitated fay densitometry of 
autoradiograms. Extent of degradation was calculated as a ratio of the amount of the intact !4-mer to the smallest 
degradation product, the mononucleotide. 



represents a capped 5' fragment of the pre-mRNA located upstream from the binding site 
of the ohgonucleotide while the smaller fragment represents a 3' part of the RNA transcript 
TTie mobility of the fragments on the gel is in agreement with their size predicted from 
the RNA sequence data. The cleavage reaction required both the oligonucleotide and the 
enzyme, smce the RNA remained intact in control samples missing either of these 
components, (Fig. 2A, lanes I and 2. respectively). Similarly, oligonucleotide and enzyme- 
dependent cleavage by RNase H was also observed for a duplex containing die alternating 
S-ohgo (Fig. 2A, lane 7) although densitometry of the film showed that the yield of die 
generated fragments was approximately 20 % lower than that for the D-oligo containing 
duplex (compare lanes 5 and 7 in Fig. 2A). In contrast, RNA hybridized under die same 
conditions with alternating MP-oligo was resistant to cleavage by RNase H (Fig 2A lane 9) 
To determine whether eucaryotic RNase H would cleave these duplexes, die same samples 
were incubated with a nuclear extract from HeU cells known to contain high levels of 
KNase H activity (32). The crude extract was used because it more closely resembles the 
intracellular conditions to which fhe duplexes would be exposed in vivo. Similarly as in 
die previous experiment, pre-mRNA in duplexes with eidier D-oligo or S-oiigo was 
hydroIy«^ by RNase H in die extract (Fig. 2B, lanes 4 and 5. respectively) whereas die 
pre-mRNA hybridized widi MP-o!igo remained intact (Fig. 2B, lane 6). The 360 nucleotide 
fragment generated by RNase H cleavage was stable in die extract and is clearly visible 
on a gel but die shorter 3' fragment, which was not capped, was largely degraded The 
instability of die latter fragment is in agreement widi die observations that die nuclear 
extract from HeLa cells contains a 5' to 3' exonuclease activity which is inhibited by die 
cap structure at die 5' end of the pre-mRNA transcript (32 and our unpublished 
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Figure 4. Primer extension analysis of oligonucleotide analogues. D-oIigo. S-oHgo» and MP-oligo forms of 
oligonucleotide # I were hybridized to the pre-mRNA, extended with AMV reverse transcriptase and the products 
separated on a 5% polyacrylamide gel. The structures and positions of the primer extension products for D-oligo 
(D.I, lane 2)» S-oiigo (S.l, lane 3), and MP-o!igo (MP.l, lane 4) are shown on the right. A diagram of the 
primer extension reaction is shown at the bottom. 

The above results showed that pre-mRNA hybridized with D-oligo and an alternating 
S-oligo formed duplexes that were substrates for RNase H. However, the lack of cleavage 
of the pre-mRNA hybridized with an alternating MP-oligo either by E. coli RNase H or 
by the HeLa cell nuclear extract could have several possible explanations. Although it 
is likely that the pre-mRNAiMP-oligo duplex may not be a substrate for RNase H, it is 
also possible that 1) the alternating MP-oligo is rapidly degraded, especially in the crude 
nuclear extract. 2) it does not hybridize to pre-mRNA under the conditions of the 
experiment, or 3) it directly inhibits RNase H. A series of experiments have been performed 
to distinguish between these possibilities. 

To test the stability of tiie MP-oligo in the extract, the oligo was labeled with [^^] using 
T4 polynucleotide kinase, incubated in the nuclear extract and analyzed on a 20% 
polyacrylamide sequencing gel. The autoradiograms of the gel were quantitated by 
densitometry (see Materials and Methods). For comparison, the stabilities of D-oligo and 
S-oligo were also tested. Of the three oligonucleotides, MP-oligo was the most stable and 
remained essentially intact for at least 70 minutes of incubation. Degradation of S-oligo 
was also slow, with approximately 50% of the material remaining at the end of incubation 
whereas D-oligo was almost completely degraded after 10 minutes O^^ig. 3). 

To determine whether the MP-oligo is able to hybridize to the pre-mRNA, we tested 
it in a primer extension assay (Fig. 4). All three oligonucleotides, including MP-oligo, 
generated extension products of the expected length (374 nucleotides) indicating that. 
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Figure 5. Competition assay using D-oligo it 2, alternating MP-o!igo #2 and D-oligo # K !0 pmoles of 
[^'P]-labeled pre-tnRNA was hybridized with 0, 0.002. 0.02, 0.2 or IO.D.260 of MP-oligo #2 followed by 
hybridization with 0.002 O.D.jao of D-o!igo if! and treatment with RNase H from E. coli (lanes 4-8, 
respectively). The position and strucmre of the RNase H cleavage products after separation on a 5% poiyacrylamide 
gel are shown by the middle two diagrams on the right. To test for direct inhibition of RNase H by MP-oligo, 
pre-mRNA was hybridized without (lane 9) or with (lane !0) MP-oligo #2 followed by hybridization with D- 
oligo # 1 and treatment with RNase H from E. coli. The position and stmcmre of these RNase H cleavage 
products are shown by the top and bottom diagrams on the right. Below the figure is a schematic representation 
of the RNase H cleavage site for the oligonucleotides used above. 

similarly to D-oligo and S-oligo, MP-oligo formed a duplex with the pre-mRNA. Additional 
faint bands seen in lane 2 result from premature termination of reverse transcription. The 
lower yield of extension products from the S-oligo and MP-oligo duplexes as compared 
to the D-oligo duplex is probably due to the lower efficiency of the AMV reverse 
transcriptase with the modified primers, as previously observed (35). Since S-oligo and 
MP-oligo yielded similar amounts of extension product, the resistance of the RNA:MP- 
oligo duplex to hydrolysis by RNase H (Fig. 2A, lane 9 and Fig. 2B. lane 6) was not 
due to the lack of hybridization of this oligonucleotide to the pre-mRNA. 

To obtain additional evidence that the interaction of MP-oligo with the pre-mRNA is 
sequence specific and to show that the MP-oligo does not directly inhibit RNase H, we 
carried out a competition experiment with different D- and MP-oligos. The pre-mRNA 
was hybridized to increasing concentrations of the alternating MP-oligo complementary 
to tJie 5' splice site (see Fig. IB, oligo 2) followed by incubation with a normal D-oligo 
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Figure 6, Effect of the number of MP-deoxynucleosides in oligonucleoude # 2 on the susceptibility of RNA MP- 
oligo duplexes to RNase H cleavage. Pre-mJflNAioligo duplexes were fonned and treated with Exoli RNase 
H as descnbed in Materials and Methods and analyzed on a 5% polyacrylamide sequencing gel. Size markers 
and controls (lanes I -3) arc as described in Fig. 2A. Lane 4, RNase H cleavage of a duplex with D-oligo #2 
(D,2). Unes 5-9, RNase H cleavage of duplexes with NtP-oligos containing one to six MP-deoxynucieisides 
respectively. Diagrams are as described in Fig 2A. 



of the same sequence. The duplexes were then treated with RNase H in the nuclear extract 
as described above. As expected, in the absence of MP-oligo, the pre-mRNA was cleaved 
into two RNase H cleavage products, approximately 330 and 150 nucleotides long (Fig. 
5. lane 4). Cleavage witli RNase H was progressively inhibited by increasing amounts 
of MP-oligo as indicated by the disappearance of the cleavage products in lanes 5-8. 
Other bands visible in these lanes represent unspecific degradation products since they 
are also present in the control sample incubated without either oligonucleotide (Fig. 5, 
lane 3). To ascertain that the MP-oiigo did not inhibit RNase H direcdy, the D-oligo 
complementary to the exon sequence (Fig. 1, oligo I) was hybridized to the pre-mRNA 
with or without the alternating MPoligo complementary to the 5' splice site (Fig. I . oligo 

2) , When the duplexes were incubated with the nuclear extract, RNase H cleaved the pre- 
mRNA:D-oligo duplex and was not inhibited in the presence of the MP-olieo (Fie 5 
lanes 9 and 10). & v s- . 

We conclude from the experiments that 1) the MP-oligo did not have any direct inhibitory 
effect on RNase H; 2) the increasing resistance of duplexes seen in lanes 5-8 must be 
due to competition between D-oiigo and MP-oligo for the same sequence in the pre-mRNA; 

3) the MP-oligo fonned a sequence specific duplex with the pre-mRNA which was resistant 
to RNase H. 
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Figure 7. Effect of the number of MP-deox> nucleosides in oligonucleotide #2 on the stability of the MP-oligos 
in a nuclear extract from HeLa cells. MP-oligos containing one to six MP-deoxynucleosides (IMP.2-6MP.2. 
respectively) were incubated in the nuclear extract from Hel^a cells and analyzed as described in Fig. 3, 

Since the above results showed that duplexes between pre-mRNA and alternating MP- 
oligo are resistant to RNa.se H we wanted determine the minimum number of 
methylphosphonate deoxynucieosides required to confer resistance to a duplex molecule. 
We have synthesized a scries of 14-mer oligonucleotides, containing from one to six 
methylphosphonate deoxynucieosides positioned in the oligonucleotides as shown in Fig. 
I (Fig, 1, oligo 2). To ascertain that the resistance to RNase H observed above is not 
due to a panicular sequence or secondary structure at the oligonucleotide binding site in 
the second exon, this series was made complementary to a different region of the pre- 
mRNA, at the 5' splice site. These MP-oligos were hybridized to the pre-mRNA and the 
duplexes were subjected to hydrolysis by E. coli RNase H. 

RNA hybridized to MP-oligos containing one or two methylphosphonate deoxynucieosides 
was cleaved by RNase H almost as easily as that in the control duplex with D-oiigo (Fig. 
6, compare lane 4 with lanes 5 and 6), RNA in duplexes with MP-oligos which contained 
three, four and six methylphosphonate deoxynucieosides, i.e., in which methylphosphonate 
bonds were separated by three, two or one phosphodiester bond (see Fig. I , oligo 2), was 
increasingly resistant to cleavage by the enzyme (Fig. 6, lanes 7-9, respectively). 
Interestingly, the resistance of these duplexes to RNase H hydrolysis paralleled the stability 
of the corresponding MP-oligos in the nuclear extract , MP-oligos containing one or two 
methylphosphonate deoxynucieosides were degraded rapidly and the stability of the 
oligonucleotides increa.sed with an increased number of methylphosphonate 
deoxynucieosides in the molecule (Fig. 7) 

DISCUSSION 

Results presented above show that D-oIigo, S-oligo and MP-oligos hybridize to pre-mRNA 
in a sequence specific manner. Duplexes formed with the first two types of oligonucleotides 
are susceptible to cleavage by RNase H from E. coli and from HeLa cells. This agrees 
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with the results of Stein et ai . (27) on cleavage of poly A:phosphorothioate oUgo dT duplexes 
by RNase H from E. coli and with the reports of other groups on inhibition of translation 
by RNase H cleavage of D-oligo containing duplexes (23-25). In contrast, duplexes formed 
with alternating MP-oligos are not substrates for RNase H from E.coli or HeLa ceils. 
Their resistance to the enzyme decreases with the decrease in the number of 
methylphosphonate deoxynucleosides in the MP-oligo. Our results also show that the 
presence of phosphorothioate and methylphosphonate deoxynucleosides promotes the 
stability of the oligonucleotides in the nuclear extract from HeLa cells. 

It has been shown by a number of investigators that D-oligos, S-oligos and MP-o!igos 
can be used in vivo to inhibit expression of a specific gene in a sequence specific manner 
(reviewed in 1 -4), The results presented here suggest different mechanisms of inhibition 
by different classes of oligonucleotides. Whereas D-oligos and S-oligos probably lead to 
the degradation of target RNA transcript by RNase H, MP-oligos containing only 
methylphosphonate deoxynucleosides or alternating MP-oligos exert their effect in a different 
manner, most likely by interfering widi the accessibility of RNA to factors essential for 
processing, transport or translation. In most experiments, designed to eliminate RNA 
viruses, viral transcripts, or the inappropriate expression of endogenous RNA. the cleavage 
of an RNA:DNA hybrid is desired. In some situations, however, the lack of cleavage of 
the RNA can be advantageous. For example, the abOity to block specific sequences in 
intact pre-mRNA may be very useful in studies of the interactions of the splicing factors 
with the pre-mRNA substrate. 2n fact, our recent experiments show that alternating MP- 
oligo complementary to the 5' splice site of the jS-globin pre-mRNA wUl hybridize to the 
pre-mRNA substrate without degrading it and will inhibit splicing in the nuclear extract 
from HeLa cells (Furdon and Kole, unpublished). 

Our results with MP-oligos containing an increasing number of methylphosphonate 
residues suggest that the properties of the MP-oligos may be manipulated to achieve a 
desired effect. Introduction of a few methylphosphonate deoxynucleosides will not inhibit 
the activity of RNase H but will markedly increase the stability of the resulting MP-oligos. 
Thus, if degradation of the target RNA is the goal of the experiment such MP-oligos should 
be more effective than normal D-oligos. Conversely, for blocking of specific sequences 
m intact RNA . MP-oligos made exclusively with methylphosphonate deoxynucleosides 
or with alternating methylphosphonate and normal deoxynucleotides should be preferable. 
The alternating MP-oligos have a higher negative charge than fully modified MP-oligos 
allowing for easier handling and puriHcation on polyacrylamide gels. In addition, in 
alternating MP-oligos the numter of diastereoisomers generated during chemical synthesis 
(36) is drasticaUy reduced which may increase the effective concentration of the molecules 
able to hybridize to target RNA. Finally, MP-oligos that contain two phosphodiester bonds 
surrounded by stretches of methylphosphonate deoxynucleosides can be used as tools for 
precise cleavage of the target RNA by RNase H. 
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(two decathymidylate analogues, d-(TpTp)4TpT-iso- 
mer 1 and isomer 2, having stereoregular, alternating 
xnethylphosphonate/phosphodiester backbones were 
prepared. The phosphodiester linkages of d- 
(TpTp)4TpT are cleaved slowly by snake venom phos- 
phodiesterase in a stepwise manner, while slow random 
cleavage occurs with micrococcal nuclease which hy- 
drolyzes isomer 2 faster than isomer 1. The CD spectra 
of isomer 1 and d.(Tp)9T are identical suggesting they 
have similar conformations, while that of isomer 2 
shows an overall reduction of [i9J. Isomer 1 forms a IT* 
lA complex with poly(dA) and both IT-IA and 2T*1A 
complexes with poly(rA), while isomer 2 forms a 2T* lA 
cmplex of low thermal stability with poly(dA) and no 
complex with poly(rA). The values of the partiaUy 
nonionic d-(TpTp)4TpT. polynucleotide complexes are 
less dependent on salt concentration than are those of 
d-(Tp)»T. The stoichiometry and CD spectra of the com- 
plexes suggest that poly(dA)» isomer 1 duplex assumes 
a B-type geometry while isomer 2 *poly<dA) •isomer 2 
triplex and the isomer l*poly(rA) complexes have an 
A-type geometry. Although there are no apparent dif- 
ferences between steric restrictions to rotation about 
the backbones of either isomer 1 or 2, or steric restric- 
tions to complex formation, the results suggest that the 
configuration of the methylphosphate Lmkage controls: 
1) interaction with nucleases, 2) oligomer conforma- 
tion, and 3) interaction with polynucleotides. The latter 
effects may result from differences in solvation of the 
two isomers. J 



Oligonucleotides having modified sugar phosphate back- 
bones serve as important models of nucleic acids. Nonionic 
deoxyribooligonucleotide alkyl phosphotriesters, d-Np(Et)N/ 
and dideoxyribonucleoside methylphosphonates, d-NpN, 
have provided information on oligonucleotide conformation in 
solution (1-4) and the effect of electrostatic charge on nucleic 
acid interactions (5). In addition, nonionic oligonucleotides 

* This research ^;f;L^JPf<>>^by a ^it frow the National Insti- 
tutes of Health,^|^^^M-257fe. Hie costs of publication of this 
article were defrayed in part by the payment of page charges. This 
article must therefore be hereby marked ^'adverthemenX" in accord- 
ance with 18 U^.C. SecUon 1754 solely to indicate this fact. 

t To whom requests for reprints shouJd be addrefised. 
The abbreviations used are: d-Np(Kt)N. an oUgonucleotide ethyl 
pho^hotriesten d-NpN, oligonucleotide having a 3' 5' intemucleoside 
methyl phosphonate linkage; d-NpN, an o!ig:onucleotide having a 3'- 
o p-chlorophenyl phosphotriester linkage; MST» mesitylenesuKonyl 
tetrazolide. The symbols used to represent prt>toct*Hi oligonucleotides 
foUow the lUPAC-IUB Commission on Biochemical Nomenclature 
^^commendations (1970). 



have been used as probes of nucleic acid sequence-function 
relationships in vitro (6, 7) and have been shown to affect 
biochemical processes in living cells in culture (8). 

Studies on dideoxyribonucleoside methylphosphonates in- 
dicate that the configuration of the methylphosphonate link- 
age influences the conformation of the dimer and its interac- 
tions with complementary polynucleotides (3, 4). The noriionic 
phosphonate linkage appears to be resistant to nuclease hy- 
drolysis and also enables the dimers to penetrate cellular 
meinbranes. The unique physical properties of these dimers 
suggested that longer oligonucleotides containing methyl- 
phosphonate linkages might have novel properties as sub- 
strates for nucleic acid enzymes. In order to provide materials 
for enzymatic studies and to explore further the effect of 
methylphosphonate stereochemistry on oligomer conforma- 
tion and interactioris, we have prepared the decathymidylate 
analogues shown in Fig. 1. These analogues have stereoregu- 
lar, alternating methylphosphonate-phosphodiester intemu- 
cleotide linkages. In this paper, we describe the synthesis of 
these analogues, physical studies on their conformation and 
interactions with complementary polynucleotides, and some 
preliminary studies on their interactions with nuclea.se en- 
zymes. 

MATERIAI>S AND METHODS 

Thymidine, d-(Tp)9T, poly(dA), and poly(rA) were purchased from 
P-L Biochemicals. The dipyridinimn salt of methylphosphonic acid 
(3), mesitylenesulfonyl tetrazolide (3), 5'-0-dimethoxytrity!thymidine 
(9), 3'-0-^benzoylpropionylthymidine (10), 5'-0-dimethoxytrtty!- 
thymidine-3'-methylphosphonate (3), the Jff-cyanoethylester of thy- 
midine-y-methylf^osphonate (3), and jt^-chlorophenyiphosphorodi- 
chloridate (11) were prepared according to literature procedures. Thin 
layer silica gel clm)matography (TLC) was performed on E. Merck 
Silica Gel GO Fas* plastic- backed sheeU (0.2 mm thick); preparative 
thick layer silica gel chromatography was performed on PLK 5 F 
I^tes (20 cm X 20 cm X 1 mm) (Whatman Inc.) and preparative silica 
gel column chromatography was carried out at atmospheric pressure 
in glass columns packed with Merck Silica Gel 60 (70 to 230 mesh). 
Analytical silica gel high pressure liquid chromatography (HPLC) 
was carried out on a column (2.1 mm x 1 m) packed with HO Pellosil 
(Whatman, Inc.). The column was eluted at a flow rate of 1 ml/min 
with a 40-ml linear gradient of chloroform to 20% methanol in chlo- 
roform. Analytical reversed phase HPLG was performed on a Partisil 
ODS-2 column (4.6 mm x 25 cm) (Whatman, Inc.). The column was 
eluted at a flow rate of 2.5 ml with the following gradient 10% 
acetonitrile for 5 min, followed by a linear gradient (5 to 20 min) of 
10% to 20% acetonitrile in 0.10 m ammonium acetate buffer, pH 5.8. 
Preparative paper chromatography was carried out on Whatman No. 
3MM paper using Solvent F: 1-propanol/concentrated ammonium 
hydroxide/water (55:10:35, v/v). 

Preparation of d'f(MeO)2TrJ7]pTO^B~4-[{MeOhrTjTpCK (5.4 
g, & mmol) was treated with a solution containing 69 ml of pyridine. 
23 ml of water, and 23 ml of distilled triethylamine overnight at room 
temperature. The solvents were evaporated and the residue was co- 
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Fig. 1. Decathymidylate diastereoisomers containing ster- 
eoregular, alternating methylphosphonate phosphodiester in- 
teraucleotide bonds.. 



evaporated with two (20 ml) portions of pyridine. 3'-0-^-Benzoylpro- 
pionyl thymidine (4.82 g; 12 mmol) was added; the nucleosides were 
dried by evaporation with pyridine and the residue, after solution in 
40 ml of pyridine, was treated with 3.(M g (12 mmol) of mesitylene- 
sulfonyl tetrazolide. After h an additional 3.04 g of MST were 
added and incubation was continued for 3 h. The reaction mixture 
was diluted with 20 ml of ice-cold 50% aqueous pyridine. The solution 
was poured into 4(X) ml of 5% sodium bicarbonate and extracted with 
two (250 ml) portions of chloroform. After drying over anhydrous 
sodium sulfate and concentration, the chloroform extract was chro- 
matographed on silica ge! (3.5 X 48 cm) using ethyl acetate (1.5 liters) 
and ethyl acetate/ tetrahydrofiiran (1:1. 2 liters) as solvents. Fractions 
containing pure isomer 1 (first to elute from column), pure isomer 2 
and isomers 1 and 2 were pooled separately. The mixed fractions were 
rechromatographed on silica gel columns which were eluted with 30% 
tetrahydrofuran in ethyl acetate. Each isomer was dissolved in a small 
volume of tetrahydrofuran and the solutions were added to a 100-fold 
excess of hexane with stirring. The resulting precipitates were col- 
lected by filtration, washed with hexane, and dried under vacuum. 
The following amounts were obtained; isomer 1, 2.98 g (2.96 mmol. 
37%); isomer 2, 1.96 g (1.95 mmol, 24.5%); isomers 1 and 2, 0.15 g 
(0.149 mmol. 1.9%). The UV spectral properties and the silica gel TLC 
and HPLC mobilities are given in Table IL Removal of the protecting 
groups from each dimer gave d-TpT-1 and d-TpT-2 whose pmr 
spectra were identical with previously prepared material (3). 

Preparation of d-[(M€OhTr]rpf^A soiution of d-((MeO)2Tr]- 
TpTO^B (isomer 1. 2.13 g, 2.12 mmol; isomer 2. 1.84 g, 1.83 mmol) in 
20% acetic acid/pyridine (isomer 1. 16 ml; isomer 2, 14 ml) was treated 
with hydrazine hydrate (isomer 1.0.51 ml; isomer 2, 0.44 ml) overnight 
at room temperature. Each reaction mixture was diluted with 100 ml 
of 5% sodium bicarbonate and extracted with two (80 ml) portions of 
chloroform which were combined and dried over anhydrous sodium 
sulfate. After concentration, each chloroform extract was chromato- 
graphed on silica gel (3.5 X 35 cm) which was eJuted with 5(X) ml of 
chloroform, 500 ml of 4% methanol in chlort^form. and 500 ml of 10% 
methanol in chloroform. The following amounts of d-[(MeO)2Tr]TpT 
were obtained after precipitation from hexane: isomer 1, 1.43 g (1.69 
mmol. 80%); isomer 2, 0.87 g (1.03 mmol. 56%). The UV spectral 
properties and the silica gel TLC and HPIX) mobilities of each dimer 
are given in Table II. 

Preparation of d'f(MeO)2TrJTpTpCE—T}\e reaction was carried 
out in a glove bag filled with dry nitrogen. Dry d-[(MeO)Tr]TpT 
(isomer 1. 1.43 g, 1.69 mmol; isomer 2, 0.87 g. 1.03 mmol) was dissolved 
in pyridine (isomer 1. 3.4 ml; isomer 2. 2,0 mJ). Dry benzenesulfonic 
acid (isomer 1 reaction, 1.19 g, 6.76 mmol; isomer 2 reaction, 0.70 g. 4 
mmol) dissolved in anhydrous pryidine (i-w^nier 1 reaction, 5.0 ml; 
isomer 2 reaction, 3.0 ml) was treated with anhydrous triethylamine 
(isomer 1 reaction, 6.8 mmol; isomer 2 reaction, A mmol). Triazole 
(isomer 1 reaction, 0.35 g, 5.1 mmol; isomer 2 reaction, 0.21 g, 3.0 
mmol) dissolved in dry tetrahydrofuran (isomer 1, 17 ml; isomer 2. 10 
ml) was treated sequentially with triethylamine (isomer 1. 0.71 ml. 



5.1 mmol; isomer 2, 0.42 ml. 3.0 mmol) and p-chlorophenylphospho- 
rodichloridate (isomer 1, 0.37 ml, 2.54 mmol; isomer 2, 0.22 ml, 1^ 
mmol). After 10 min the solution was filtered and the pyridine solution 
of d-[(MeO)2TrlTpT was added to the filtrate. After 1 h, the trieth- 
ylammonium salt of benzenesulfonic acid was added followed by 
addition of dry hydracrylonitrile (isomer 1, 0.24 mU 3.4 mmol; i<iomer 
2, 0.14 ml, 2 mmol). The reaction mixture was concentrated to 6 m! 
and incubated for 1 h at room temperature and 18 h at 4'*C. The 
reaction mixture was poured into 150 ml of ice-cold 5% sodium 
bicarbonate, extracted with two (1(X) m!) portions of chloroform and 
dried over anhydrous sodium sulfate. Each extract was chromato- 
graphed on silica gel (isomer 1, 3 x 34 cm; isomer 2, 2.5 X 35 cm) 
using chloroform (isomer 1. 750 ml; isomer 2, 500 ml) and with 5% 
methanol in chloroform (isomer 1, 1 liter; isomer 2. 1 liter). The 
foUowing amounts of d-[(MeO)2Tr]TpTpCE were obtained after pre- 
cipitation from hexane: isomer 1, 1.31 g (1.22 mmol, 72%); isomer 2, 
0.74 g (0.69 mmol, 67%). The UV spectral properties and chromato- 
graphic mobilities of the dimers are given in Table II. 

Preparation of Protected Oligonucleotideit— The dimethoxytrityl 
group was removed from protected oligonucleotides by treatment of 
the oligonucleotide (1 mimol) dissolved in 3,7 ml of methanol with 15 
ml of 80% acetic acid for 2 h at 37**C, The detritylated oligonucleotide 
was isolated by precipitation from hexane. The cyanoethyl group was 
removed from oligomers terminating in a 3'-p-chlorophenyl-^-cy- 
anoethylphosphotriester group by treating the oligomer (1 mmol) 
with a solution containing 8.5 ml of pyridine. 2.9 ml of water, and 2,9 
ml of triethylamine for 1 h at room temperature followed by evapo- 
ration of the solvents. Each condensation reaction was run for 3Vi h 
at room temperature foUowing the general procedures described for 
d-[(MeO)2Tr]TpTO;SB except only one portion of MST was used. 
After workup, the oligomers were purified by silica gel column chro- 
matography or by preparative thick layer chromatography and were 
isolated by precipitation from hexane. The specific reaction conditions 
and the yields obtained are given in Table I. The UV spectral 
properties and the chromatographic mobUities of the fuUy protected 
oligomers are given in Table 11. 

Preparation of d-(TpTp).TpT-^-meOhTr]Tpai^Tp}/rO0B 
(1.7 to 3.0 ^ol) was stirred with 12 of hydrazine hydrate in 0.40 ml 
of 20% acetic acid/pyridine solution for 18 h at room temperature. 
The residue obtained after evaporation of the solvents was treated 
with 1.0 ml of a solution containing 0.017 M tetrabutylammonium 
fluoride in tetrahydroftiran/pyridine/water (8:1:1, v/v) at room tem- 
perature for 24 h, and was then treated with 2 ml of 50% concentrated 
ammonium hydroxide in pyridine at 4^C overnight. The solvents were 
evaporated and the residue was treated with 0.5 ml of 80% acetic acid 
at 37*'C for 30 min. The resulting d-(TpTp)4TpT was purified by 
paper chromatography (isomer 1. Rf 0.35; isomer 2, Rf 0.35; d-pT. 

0.42). The UV spectral properties and HPLC mobUities of d- 
(TpTp)4TpT are given in Table II. The molar extinction coeflicients 
of each isomer were determined as follows. The UV spectrum of each 
isomer was measured in water at pH 6.3. The oligomer was then 
digested to monomers and dimers by treatment with 0.1 n NaOH at 

d-[(MeO)2Tr]Tp + TO^B 

d-[(MeO)iTr]TpTOjSB 
I 

d-[(MeO)2Tr]TpT 
i 

d-[(MeO)2TrFpTpCE 
d-[(MeO)2Tr]TpTp d-TpTpCE- 



— r 

d-[(MeO)2TrFp'rpTpTpCE 
d-[(MeO)2Tr }TpTpTpTp + d^TpTp TpTpCE 

d-[(MeO)2Tr]TpCrpTp)3TpCE 
1 

d-[(MeO)2Tr]Tp(TpTp)aTp + TpTO/?B 

' J . 

d-{(MeO)2Tr]Tp(TpTp)4TOfiB 
Scheme 1 
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60^*0 for 20 h, and the quantity of thymidine wa*; tleterini ned spectro- 
photometrically using - 7.38 x 10^ for thytiiidme at pH 13. 

Physical Studies on d-iTpTpj^TpT and Their Inter actions with 
polynucleotides — Ultraviolet sipectra were recorded on a Varian 2H» 
oqui|)p<.'d with n Uiermofitnted c<?]! conipJirtuKrnt flntf toinfieraiure 
readout accessory. Circular dichroism spectra were recorded on a 
Gary 60 spectropolarimeter in a thermostat ed cell. The continuous 
variation experiments, melting experiments, and circular dichroism 
experiments were carried out as previously described ( I ). The melting 
curves were corrected for the change in absorbance of po!y(dA) and 
poly(rA) with temperature. No change in absorbance was observed 
for d-(Tp)aT or d-(TpTp)4TpT over the temperature range investi- 
gated. The following molar extinction coefficients were tised: polv{rA), 
€257 = 10,000; poly(dA), €257 - 9,100 (5); d-H^^T, t>.«;„^ - 8,700 
(12); d-(TpTp)4TpT-l, e^^^, = 8,300; d-(TpTpS/rpT-2. - 8.600, 

Treatment of d (TpTp)4TpT with Nucleate Enzymei; — Enzymatic 
reactions were run using the conditions described beiow. Aliquots (10 
pi) of the digests were withdrawn at various time intervals, briefly 
heated at 70'C, and examined by reverse phase HPLC on Partisil 
OBS-2. Spleen phosphodiesterase: 22 nmo! of oligonucleotide were 
incubated with A p.^ of enzyme in 108 ^ of buffer containing 0.1 m 
ammonium acetate, pH 6.2. Snake venom phosphodiesterase; 11 nmol 
of oligonucleotide were incubated with 2 ^ of enzyme in 55 of 
buffer containing 10 mM Tris-HC!, pH 8.0, 2 mM magnesium chloride. 
Si nuclease; 22 nmol of oligonucleotide were incubated with 100 units 
of enzyme in 90 ^ of buffer containing 0.05 m sodiurn chloride, 0.05 
M ammonium acetate, pH 5.0, 1 m.M zinc acetate. Micrococca! nu- 
clease: 11 nmol of Oligonucleotide were incubated with 2A units of 



enzyme in 45 /d of buffer conUining 0.029 M sodium l>orate, pH 8.8, 
0.<X)14 M calcium chloride. 

Synthesis of the. Decathymidylate Analogues — The syn- 
thetic procedure used to prepare the decathymidylate ana- 
logues, d-(T/jTp)4TpT, is shown in Scheme 1. The synthesis 
involves first preparation of the fully protected dimer, d- 
[(MeO)2Tr]T/fTO)ffB. The two diastereoisomers were sepa- 
rated by silica gel column chromatography and are designated 
as isomer 1 and isomer 2 in order of their elution from the 
column. 

Slach pure diastereoisomer was then used to prepare longer 
protected oligomers containing methylphosphonate linkages 
of the same configuration. These oligomers are designated as 
isomer 1 or isomer 2 to indicate from which dimer they were 
synthesized. The yS-benzoylpropionyl group was removed se- 
lectively by treatment of the dimer with hydrazine hydrate 
(10). The 3'-hydroxyl group of the resulting d-((MeO)2Tr]TpT 
was then phosphorylated with the 6i5-triazolide derivative of 
p-chlorophenyl phosphate followed by esterification with hy- 
dracrylonitrile to give d-[(MeO)2TrJTpTpCE, The fully pro- 
tected tetramer and octamer, d-[(MeO)2Tr]Tp(TpTp),TpCE 
{n — 1, 3) were then prepared by conderisation of appropriately 



Table I 



Preparation of protected oligothymidylates 





3'-PhosphoryI component 


5'-OH component 


MST 


Product 


Yield 




mmol 


mmoi 


mmol 


mmol 


% 


Isomer I 


d-[(MeO)2Tr}TpTp 


d-TpTpCE 




d-[(MeO)2Tr]TpTpTpTpCE 




0.62 


0.50 


2.24 


0.32 


65 


Isomer 2 


0.35 


0.27 


1.40 


0.19 


66 


Isomer 1 


d-[(MeO)2Tr]1>TpTpTp 


d-TpTpTpTpCE 




d-[(MeO)2TrlTp{TpTp)3TpCE 




0.147 


0.117 


0.59 


0.077 


66 


Isomer 2 


0-087 


0.070 


0.35 


0.055 


79 


Isomer 1 


d-[(MeO)2TrTrp(TpTp).TD 


Q-TpTO^B 




d-[(MeO)2Tr]Tp(TpTp)4TO/?B 




0.005 


0.0075 


0.03 


0.0028 


56 


Isomer 2 


0.005 


0.0075 


0.03 


0.0017 


34 



Table II 



Spectral properties < 



Oligomer 


Isomer 


Spectral properties' 




Silica gft! TLC* 




HPixr rt- 

tent ion tirrie 








5% 


10% 


15% 


20% 






run 


nm 












min 


d-[(MeO)jTr]TpT0y?B 


1 


237 


227 


1.66 


0.08 


0.33 






8.9 






265 (sh) 


















2 


237 


227 


1.63 


0.03 


0.24 






10.9 






265 <sh) 
















d-[(MeO)zTrF;?T 


1 


2:t5 


230 


1.36 


0.01 


0-18 




0.54 


14.0 






267 


250 
















2 


235 


230 


1,35 


0.01 


0.17 




0.52 


13.8 


d-[(MeO)2TrKpTpCE 




267 


250 














I 


266 


250 


1.52 


0.00 


0.25 




0.61 


10.8 






240 (sh) 


















2 


266 


250 


1.32 


0.00 


0,24 




0.72 


11.0 


d-[(MeO)2Tr]TpTpTpTpCE 




233 (Kh) 
















1 


237 (sh) 


245 


0.87 


0.00 


0.16 




0.56 


18.0 






265 


















2 


237 (sh) 


245 


0.83 


0.00 


0.10 




0.46 


21.1 


d-[{MeO)2Tr]Tp(TpTp)3TpCE 


I 


265 
265 


240 


0.66 




0.07 


0.33 


0.63 


19.2 


d-[(MeO)jTrrrp(TpTp)4TOy?B 


2 


265 


238 


0,59 




0-01 


0.22 


0.40 


19.6 


I 




238 


0.69 






0.38 


0.68 


19.9 


d-{TpTp).TpT 


2 


265 


237 


0.70 






0.25 


0.63 


19.8 


1 


265 


235 


0.36 










17.1 




2 


2an 


234 


0.33 










19.1 



Rf values in methanol/chloroform solvent 
^ Protected oligomers, HC PeUosil; deprotected 



; deprotected oligomers, measured in water, pH 7. 
oligomers, Parisil ODS-2. 
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protected dimer and tetramer blocks, re^ipectively. Finally, 
the dimer d-TpT0/9B was added to the 3'-end of the protected 
octamer to give the fully protected decamer. The conditions 
\%7uh\ in Mioji*'. ifnriifvnn jiful ih«t yu*!iln oiiL'iiMii^! tuv tjivt rt in 

Table I. Each fully protected oligomer was characterized by 
ultraviolet spectroscopy, silica gel thin layer chromatography, 
and silica gel high pressure liquid cliromatography as de- 
scribed in Table II. 

The protecting groups were removed sequentially by treat- 
ment with 1) hydrazine hydrate to remove the 3'-0-^-b€n- 
zoylpropiony! group; 2) tetra-n-butylammonimn fluoride (13» 
14) and ammonium hydroxide in pyridine to remove the p- 
chlorophenyl phosphate protecting groups, and 3) 80% acetic 
acid to remove the 5'-0-dimethoxytrityl protecting group. The 
resulting decamers, d-(TpTp)4TpT-l and -2 were each purified 
by paper chromatograhy. The UV spectral properties and the 
chromatographic mobilities of each isomer are given in Table 
11- 

Treatment of d'(TpTp)4TpTwilh I^ucleases — Snake venom 
phosphodiesterase slowly cleaves the phosphodiester linkages 
of d-(TpTp)4TpT. The progress of these reactions was fol- 



too 




10 20 30 
Time (mf o) 



2 . 3 , 
Tim«thrs) 



Fig. 2. Hydrolysis of d.(TpTp)4TpT, isomer 1 (®) and isomer 
2 (O) by (a) snake venom phosphodiestf^rase and (6) mierococ- 
cal nuclease at 37 ''C. Reaction con<iitions are described under 
"Materials and Methods," 



lowed by reversed phase HPLC. The pattern of products 
formed with time suggested that hydrolysis begim at the 3'- 
end of the oligomer and proceeds in a stepwise mamier toward 
the r/ ciul of th<^ inf>lcrulr\ For exnmpio, oi\r\y limo |x>t!ifjtt 
showed the formation of d-pTpT, d-(TpTp)3TpT, and d- 
{TpTp)2TpT, while later time points showed the disappear- 
ance of the longer oligomers with concomitant formation of 
increasing amounts of d-pTpT and the appearance of d-TpT. 
As shown in Fig. 2a, tlie rates of hydrolysis of the (3' -* 
50 phosphodiester linkage in both isomer 1 and isomer 2 are 
very similar. Under the conditions of the experiments, d- 
(Tp)9T, which contains exclusively phosphodiester linkages is 
hydrolyzed completely to monomers within 1 min. 

Prolonged digestion of d-(TpTp)4TpT by snake venom 
phosphodiesterase gave d-TpT and d-pTpT in ratios of 1:3.8 
(isomer 1) and 1:4.0 (Isomer 2). These ratios are consistent 
with the structure of the decamer. No cleavage of the phos- 
phonate linkages of either isomer could be detected. In con- 
trast to their behavior with snake venom phosphodiesterase, 
both isomers of d-{TpTp)4TpT were totally resistant to hy- 
drolysis by spleen phosphodiesterase. 

As shown in Fig. 25, the phosphodiester linkages of d- 
(TpTp)4TpT-l are cleaved more rapidly than those of isomer 
2 by micrococcal nuclease although the rates of hydrolysis of 
both oligomers is much slower than that of d-(Tp)9T. Cleavage 
ap|>ears to occur in a random manner as evidenced by the 
immediate production of oligonucleotides in the series d- 
(TpTp)„ (n = 1. 2, 3) and d-TpTp)«TpT (n - I, 2, 3). Initial 
cleavage at the 3'-terminal phosphodiester linkage to give d- 
TpT and d-(TpTp)4 does not appear to occur in either isomer. 
No cleavage of the phosphonate linkages was observed. Under 
the conditions of this experiments, d-(Tp)9T is cleaved to 
oligonucleotides in less than 1 min. 

Neither the phosphonate nor the phosphodiester linkages 
of either isomer of d-(TpTp)^TpT were hydrolyzed by Si 
nuclease even after 6 h incubation at 37 ^C, Under these 
conditions, d-(Tp)9T was hydrolyzed to a mixture of shorter 
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Fig. 3. Circular dichroism spectra 

of {r^ d-(TpTp)4TpT-isom€r 1 ( ) 

and isomer 2 ( ), (b) poIy(dA) 

mer 1 ( ) and isomer 2»poly(dA)* 

isomer 2 { ) in 0.50 M sodium chlo- 
ride/sodium cacodylate, pH 6.8 at 
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Complexes formed by oUgfHieoxythymidylatest and complementary polynucl*^otidett 







Co IT) plot'' 


roiyfdA) 


... 

i.'/ forma- 
lion*" 





Poly {r A) 




£kH forma- 
tion' 


















d-(Tp)9T 


IT-IA 


22.5 


-8.9 


ITIA 




18,0 


-7.9 


d-(TpTp).TpT 
















Lsomer 1 


IT.IA 


33.5 


-10.3 


IT-IA 




19.5 


-7.7 










2T.1A 




17.0 


-13.6 


isomer 2 


2T-1A 


2 


-16.0 


No complex 









" The stoichiometries of the complexes were determined by conlinuous variation experiments (1, 5) in 0.10 m sodium cacodylate, pH 6,8 at 
0.5**C, at a total nucleotide concentration of 3,5 x 10"'' M. 

*The r«, values are the transition midpoints of M or 2:1 mixtures of the oligothymidylates viath poly(dA) or poly(rA). These experiment 
were carried out in 0.10 m sodium caccdylate, pH at a total nucleotide concentration of 3.5 X 10 *' m. 

^ kcal/mol base pair or base triplet in 0.50 M sodium chSoride/scxnum cacodylate, pH 6.8. 



oligonucleotides within 5 min. 

Physical Studies on d-(TpTp)iTpT and Interaction with 
Polynucleotides — The CD spectra of both L<;ofners of d- 
(TpTp)4TpT are shown in Fig. 3a. The spectmra of isomer 1 
is virtuaUy identical both qualitatively ajsd quantitatively with 
that of d-(Tp)9T measured under the same conditions. The 
spectrxim is qualitatively similar to that of d-(pT)io measured 
in 0.02 M NaCl (16) whose values of at 277 rnn and 250 nm 
are 1.14 X 10^ and -0.67 X 10*, respectively. The molecular 
ellipticity of the peak and trough of isomer 2 is reduced by 
43% with respect to that of isomer 1 or d-(Tp)9T. 

The interactions of d-(T/)Tp)4TpT-l and d-(Tp)9T with 
poly(cLA) and poly(rA) are summarized in Table III. With 
poly(dA). both d-(TpTp)4TpT-l and d-(Tp>9T form double- 
stranded complexes while d-(TpTp)4T/7T-2 forms a triple- 
stranded complex. With poly(rA), d-(Tp)9T forms a double- 
stranded complex, d-(TpTp)4TpT-l forms both double- and 
triple-stranded complexes, but no complex formation is ob- 
served with d-(TpTp)4TpT-2. The melting profiles of the 
complexes indicate that they melt in a cooperative manner. 

The CD spectra of the complexes formed by d-(TpTp)4TpT 
and poly(dA) axe shown in Fig. 36. The spectrum of poly (dA) - 
isomer 1 is almost identical with that of poly(dA) -d-(Tp)9T 
and to that of poly (dA) • poly(dT) (16), while the spectrum of 
isomer 2 •poly(dA)- isomer 2 shows a reduction in molecular 
ellipticity. Similar results were obtained for the complexes 
formed with poly(rA) (data not shown). The CD spectra of 
poly(rA) - isomer 1 and poly (rA) .d-(Tp)9T were virtually iden- 
tical, while the molecular ellipticity of the isomer 1 . poly{rA) - 
isomer 1 triplex was reduced between 25% and 40%. 

The effects of sodium ion concentration on the melting 
temperatures of the poly (dA) - oligo{dT) compJexes are shown 
in Fig, 4a. Plots of T« versus log [Na*] are linear over the 
range 0.1 to 0,5 m. The stoichiometry of the complexes was 
constant over the range of salt concentrations studied- Simiiar 
testdts were obtained for the complexes formed with poIy(rA) 
(data not shown). The slopes of the lines obtained (AT«/Alog 
[Na"-]) were: poly(rA).d(Tp)9T, 16,0^; isomer l.poly(rA). 
isomer 1. 11.4*; poly (rA)- isomer 1, 7.6*. 

The effects of oligonucleotide concentration on the melting 
temperatures of the poly{dA) - oligo(dT) complexes in 0.50 M 
Na* are shown in Fig, 46. In these experiments, the base ratios 
of poly(dA) to decamer were maintained at a constant value 
for each complex while the total nucleotide concentration was 
varied out the range 8.76 x 10~® m to 1.25 X 10 * m. The slope 
of each line was determined by a least squares analysis of the 
data and the enthalpies of complex formation were determined 
from the relationship nA/f = 2.303 R log C«/A(l/T«) where 
n is the chain length of the decamer (17, 18). Similar plots 
were obtained for the complexes formed '^ith poly (rA). The 
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Fig. 4. Effect of (a) sodium ion concentration, (6) oligonucle- 
otide concentration on the T», values of poly(dA)*d-(Tp)flT(X), 
poly(dA)*d-(TpTp)4T/?T-isomer 1 (®), d-<TpTp)4T/>T-isoiner 
2*poly<dA)*d-(TpTp)4TpT-isomer 2 (O). The buffer in b was 0.50 
M sodium chloride/sodium cacodylate, pH 6.8. 

enthalpies of formation of these complexes are summarized in 
Table III. 

DTSCUSSrON 

The decathymidylate analogues were prepared by a com- 
bination of methods previously used to synthesize dideoxyri- 
bonucleoside methylphosphonates (3) and oligonucleotide 
phosphotriesters (19). This approach allows the preparation 
of analogues containing a stereoregular, alternating methyl- 
phosphonate/phosphodiester backbone. The key step in the 
synthesis is the preparation of the dimer, d-[(MeO)2Tr]- 
TpTO/SB and separation of its two diastereoisomers. The fi- 
benzoylpropionyl group was used to protect the 3'-hydroxyl 
since it improves the separation of the two diastereoisomers 
and since it can be removed selectively under essentially 
neutral conditions with hydrazine hydrate (10). 

Each diastereoisomer of d-[(MeO)2Tr]TpT was phospho- 
rylated using a modification of a method described by Agarwal 
and Riftina (20) to give d-[(MeO)2TrJTpTpCE. Dimers con- 
taining methylphosphonate linkages of the same configuration 
were then joined together via phosphotriester linkages to give 
fuU protected decamers, d-[(MeO)2Tr]Tp(TpTp)4TO^B. 

The 3'-benzoylpropionyl groups were first removed from 
the protected decamers. In order to limit possible degradation 
of either the phosphonate or phoaphodiester backbone, the 
decamers were then treated with tetra-/i-butylammonium flu- 
oride to remove raost of the p-chlorophenyi groups (13, 14), 
followed by overnight treatment with ammonium hydroxide 
at 4''C. The dimethoxytrityl group was removed with 80% 
acetic acid. This procedure gave d-(TpTp)4TpT as the major 
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product of the reaction along with t races of sho!-ter oligomers. 
The latter probably arose as a result of random cleavage of 
the intemucleotide bonds at the phosphotriester linkages by 
either fluoride ion or hydroxide ion (21). 

Although both the phosphonate and phosphodiester link- 
ages of d-(TpTp)4TpT are resistant to hydrolysis by spleen 
phosphodiesterase and by Si nuclease, the phosphodiester 
linkages of the decamers are cleaved slowly by snake venom 
phosphodiesterase and by micrococcaJ nuclease. In the case 
of the snake venom enzyme, analysis of the digest by HPLC 
suggested that hydrolysis occurs in an exonucleolytic manner 
starting at the 3'-phosphodiester linkage and proceeding to- 
ward the 5'-end. Similar results were obtained by Agarwal 
and Riftina (22) for the hydrolysis of d-TpTpT by this enzyme. 
Since the enzyme is known to require a free 3'-hydroxyI group, 
these results suggest that the enzyme can bypass the terminal 
phosphonate linkage and cleave the phosphodiester bond 2 
base residues removed from the 3'-hydroxy terminus. The 
initial rates of hydrolysis of both isomers of d-(Tp'^i'p)4TpT 
are not affected significantly by the configuration of the 
phosphonate methyl group but are considerably slower than 
that of d-(Tp)9T. This difference in rate may be due to the 
reduction of the negative charges which could reduce the 
affinity of the enzyme for the analogue, as well as to the 
presence of nonionic methylphosphonate groups adjacent to 
the susceptible phosphodiester linkage. 

Under the conditions of our experiments, we found no 
cleavage of the phosphonate linkages in either isomer of d- 
(TpTp)4TpT, even after prolonged (24 h) incubation. The 
final products of the reaction, d-TpT and d-pTpT. were ob- 
tained in the expected ratios. These results are in contrast to 
those of Agarwal and Riftina who reported that the phos- 
phonate linkages of d-TpT are hydrolyzed slowly in the pres- 
ence of large amounts of snake venom phosphodiesterase (22). 

The intemucleotide phosphodiester linkages of d- 
(TpTp)4TpT are cleaved slowly in a random manner by 
micrococcal nuclease. The initial hydrolysis of isomer 1 ap- 
pears to occxir more slowly than that of isomer 2, although 
both isomers are cleaved much more slowly than is d-(Tp)9T. 
Recent evidence suggests that the binding of micrococcal 
nuclease to oligo- and polynucleotides involves ionic or hydro- 
gen-bonding interactions between the enzyme and up to three 
adjacent phosphodiester groups of the oligonucleotide (23- 
25), Since each phosphodiester linkage in d-{TpTp)4TpT is 
flanked by a nonionic methylphosphonate linkage, the ability 
of the enzyme to bind correctly to these analogues could be 
considerably diminished. The difference in the rates of hy- 
drolysis of the two isomers suggest that the configuration of 
the methylphosphonate group may influence this binding 
process. 

The conformation of d-(TpTp)4TpT was studied by CD 
spectroscopy. The near identity of the CD spectra of isomer 
1 and of d-(Tp)9T suggests that both oligomers have very 
similar conformations. On the other hand, isomer 2 shows a 
reduction in molecular ellipticity. Similar reductions in the 
[6] of d-(pT)9 have been observed in the presence of high 
concentrations of sodium perchlorate (15). The cause of this 
decrease was ascribed to the lower activity of wat^r with a 
concomitant change in the solvation and conformation of the 
oligomer. Since the [ff] of isomer 2 Is less than those of isomer 
1 and d-(Tp)9T, this reduction most likely reflects a difference 
in the conformation of isomer 2 compared to that of isomer 1. 

Recent proton magnetic resonance investigations of the 
sugar-phosphonate backbones of a series of dideoxyribonu- 
cleoside methylphosphonates including d-TpT (4), have 
shown that the sugar puckering and rotomer populations 
about tp, <j>^ and 4> are very similar in both diastereoLsomers. 



Examination of molecular models does not reveal any obvious 
differences between steric restrictions to rotation about the 
bonds of the methylphosphonate linkages in these diastereo- 
L^omers. Thus, tho appnront difference.*? in the conformation 
between isomer 1 and isomer 2 could result from differences 
in solvation of the two isomers. Such differences could lead to 
changes in the N-glycosyl torsion angle as well as to changes 
in the weak intramolecular base-base interactions, 

A similar suggestion was made to account for the effects of 
methylphosphonate configuration on the base-stacking inter- 
actions in the dimer d-ApA (1. 4). In this case, the dimer with 
the S configuration has a base-stacking pattern similar to that 
of d-ApA, while the dimer with the R configuration has 
reduced base-stacking interactions with the bases oriented in 
a parallel manner. In the stacked conformation of d-ApA. the 
methyl group with the S configuration Hes near the hydro- 
phobic base-stacking region, while the methyl group with the 
R configuration points away from this region toward the 
solvent. 

Both isomers of d-(TpTp)4TpT form complexes with 
poly(dA) , The stoichiome try and CD spectrum of the poly(dA) • 
isomer I duplex is identical with that of the poly(dA)-d- 
(Tp)9T duplex, while isomer 2 forms a 2T-1A triplex whose 
CD is reduced relative to that of poly(dA)* isomer 1. At low 
sodium ion concentration, the T„ of poly (d A)- isomer 1 is 
ll'^C higher than that of poly(dA)-d-(Tp)9T. Since the struc- 
tures of these two duplexes appear to be very similar, the 
increased thermal stabOity of poly (dA) . isomer 1 may be at- 
tributed to the decrease in charge repulsion between the 
partially nonionic backbone of d-(TpTp)4TpT-I (four negative 
charges per molecule of decamer) and phosphate groups of 
poly(dA) as compared to the charge repulsion between the 
backbone of d-(Tp)9T (nine negative charges per molecule of 
decamer) and poly(dA). Similar effects have been ob.served 
previously for the interactions of deoxyribooligonucleotide 
alkyi phosphotriesters with complementary polynucleotides 
(1, 5, 6), 

The effect of salt concentration on the T« of the complexes 
agrees with this assessment. Thus, the T« of poly(dA)-d- 
(TpjgT increases more rapidly with increasing sodium ion 
concentration than does the Tm of p6ly(dA)» isomer 1. The 
effect of soditun ion concentration on the Tm of the triple- 
stranded complex, isomer 2 •poly(dA)- isomer 2, is intermedi- 
ate between that of poly(dA)- isomer 1 and poly(dA)'d- 
(Tp)9T. The net number of negative charges in the backbone 
of the two d-('I>Tp)4TpT oligomers of isomer 2*poly(dA). 
isomer 2 is eight, which is one less than that of d-(Tp)9T in 
the poly(dA) -d-(Tp)9T duplex. This slight reduction in charge 
density coupled with the difference in the structures of the 
two complexes could account for the slightly lower depend- 
ence of the Tm of the triple-stranded complex on salt concen- 
tration. 

The difference in stability of poly (dA) -isomer 1 versus 
poly(dA)-d-(Tp)9T is reflected in the enthalpy of formation 
of the two duplexes. In 0.5 M sodium chloride/sodium caco- 
dylate buffer where the melting temperatures of the duplexes 
are approximately equal, the A/f of poly(dA) .d(Tp)9T is -8.9 
kcal/mol base pair while that of poly (dA) -isomer 1 is -10.3 
kcal/mol base pair. The difference in AH, 1.4 kcal/mol base 
pair, may in part be due to the change in enthalpy resulting 
from partial replacement of the phosphodiester linkages of 
the decamer with nonionic methylphosphonate linkages. A 
similar difference. 1.6 kcal/mol base pair, was observed for the 
enthalpy of formation of poly(dA) • d-(Tp)7T versus poly (dA) • 
d-[Tp(Et)]7T (5). 

The mteractions of d-{TpTp)4TpT with poly(rA) are differ- 
ent than those observed with poly(dA), Isomer I forms both 
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double- and triple-stranded complexes with poiy(rA)» while 
no complex is observed for isomer 2. Ba.sed on the simiiarity 
of their CD spectra, the structures of poIy(rA) - isomer 1 and 
poly(rA).d(Tp)9T appear to be identical. 

The r« vahjes of {X>ly(rA).iK<>mer 1 iind jw)iy(rA) - il-(Tj»),;]' 
are lower than those of the corresponding complexes with 
poly(dA). A similar effect was observed for poiy(rA)- 
poIy(dT) whose is 4.4°C lower than that of poiy{dA)- 
poIy(dT) in 0.1 m sodium citrate buffer (26). T„ values of 
poly (r A). isomer 1 and poly(rA)-d-(Tp)9T are quite similar in 
0.1 M buffer in contrast to the difference in values observed 
for the poly(dA) complexes. The effect of salt concentration 
on thermal stability follows the same order as ohsej-ved for 
the poly(dA) complexes; the greatest increase is observed for 
poly(rA).d(Tp)9T, followed in order by isomer l-po!y(rA)- 
isomer 1 and poly (r A). isomer 1. Again, this order parallels 
the charge density in oligomer backbones of the complexes. 
However, the similarity of the and Mi values of poly (rA) ^ 
d-(Tp)9T and poly (rA). isomer 1 suggests that any stability 
gained by reduction of charge repulsion Ls offset by other 
factors which tend to destabilize the poly{r A). isomer 1 com- 
plex. 

The complexes formed by the two isomers of d- {TpTp)4Tr>T 
with complementary polynucleotides have different stoichi- 
oraetries and thermal stabilities. X-ray crystallographic stud- 
ies (27) and CD investigations (28) have shown that the duplex 
poly(dA).poly{dT) exists in a B-type geometrv while the 
triple-stranded complex, poly (dT). poly (d A)- poly (dT) as- 
sumes an A-type geometry. The identity between the stoichi- 
ometries and the CD spectra of poly (dA) • poiy(dT), poly(dA) • 
d-(Tp)9T, and poly(dA)' isomer 1 duplexes suggests that the 
latter assumes a B-type geometry in solution. In analogy with 
poly(dT).poIy(dA).poly(dT), the triple strand complex iso- 
mer 2- poly (dA) -isomer 2 has an A-type geometry. In the case 
of the complexes formed between the decamers and poly (r A), 
an A-type of geometry would be expected (29-31). 

Although the absolute configurations of the methylphos- 
phonate groups of isomers 1 and 2 have yet to be determined, 
we might speculate on possible reasons "for the differences m 
wmplex formation by these two oligomers. Examination of 
Kendrew molecular models of nucleic acid duplexes in both 
the A- and B-type geometry does not reveal any unfavorable 
steric interactions which would restrict the binding of either 
isomer of d(TpTp),TpT. This is in contrast to the case of the 
oligoOiymidylate triester, d-[Tp(Et))7T where formation of A- 
type complexes appears to be unfavorable due to steric inter- 
actions involving the phosphate ethjd groups (5). ^fbe forma- 
bon of a complex with either the A- or B-type geometry by d- 
(TpTp),TpT whose methylphosphonate groups have the S 
configuration would place the phosphonate methyl groups 
near the hydrophobic base-stacking region of the complex. In 
this onentation, the methyl group should have the least 
perturbational effect on solvent interactions with the complex 
In contrast, complex formation of d-(TpTp)4TpT whose meth- 
ylphosphonate groups have the R configuration would orient 
the methyl group away from the base-stacking region and 
toward the solvent. Such orientation should result in unfavor- 
able mteractions between the exposed methyl groups at^d the 
^irrounding solvent. Thus, the differences in stability between 
ttie complexes formed by Isomer 1 and isomer 2 could arise 
from differences between the solvation of the oligomer back- 
bones m the single-stranded and duplex states. 
The results presented above demonstrate that, introduction 
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of methylphosphonate groups into the backbones of oligo- 
deoxyribonucleotides can have important effects on the ability 
of the oligomers to serve as substrates for nuclease enzymes 
and to interact with complementary polynucleotides.' The 
unique properties of these oligonucleotide analogues suggest 
that they may be useful for probing the mechanisms of nucleic 
acid enzymes such as DNA polymerase and DNA Hgase. 
Studies directed along these lines will be the subject of future 
communications. 
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Oiigothymidylate Analogues Having Stereoregular, Alternating 
Methyiphosphonate/Phosphodiester Backbones as Primers for DNA 
Polymerase^ 

Paul S. Maier,* Nancy D. Annan,* Kevin B. McParland, and Stephen M, Puiford^ 



ABSTRACT Oiigothymidylate analogues having stereoregular, 
alternating methylphpsphohaic/phosphodiesicr backbones, 
d-T/>(TpTp)4T isomers I and II and d-T/)(TpTp)3T(pT)i_j 
isomers I and II, were prepared by methods analogous lo the 
phosphoinestcr synthetic technique. Hie designations isomer 
I and isomer II refer to the configuration of the meihyi- 
phosphonaie linkage, which is the same throughout each iso- 
mer. Analogues wiih the type I DQCthylphosphonate configu- 
ration form very stable duplexes with poly (dA) while those 
with the type II configuration form cither 2T:1A triplexes or 
1T:1A duplexes with poly(dA)' of considerably lower stabilities. 
The ohgothymidylaic analogues were tested for their abiiiiy 
to initiate polymerizations catalyzed by Escherichia coli DNA 
pdymcrase I or calf thymus DNA pplynKrase a on a poly(dA) 
template. Neither d-T/KTpT/?)^! nc^ d-Tj:>(TpT;>)3TpT served 
as initiators of polynicriiation while d-T/?(TpTp)3T(pT)2_5 

C^iigonucleotidc anaioguies having nonionic alkyl pbosph<^ 
tricstcr c^ meih>dphqsphonaie backbones have served as models 
for studying the influence of backbone structure on the con- 
formation and interactions of nudeic adds (Miller ct aU 1971; 
Pkss & Ts'p, 1977; MiUer ct al^ 1979; Kan ct al, 1980). As 
a result of their ability to form complexes with complementary 
nudeic add sequences, these nonchkfgcd analogues have been 
used to probe and regulate cellular nudeic add fuiKrtion both 
in the lest tube and in living cells (Miller ct al., 1974, 1977» 
1981; Barrett ei al., 1974; Jayaraman ct al., 1981). In a recent 
pubhcation we described the synthesis and physical properties 
<rf novel ohgothymidylaic analogues having mcthylphcsphonaie 
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showed increasing priming ability as the length of the 3'- 
oiigothymidylaie tail increased. Analogues with type I me- 
thylphosphonate configuration were more effective initiators 
than the type 11 analogues at 37 **C. The apparent activation 
energies of polymerizations initiated by d-T/>(TpTp)3T- 
(pT)^^ j isomer I were greater than those for reactions ini- 
tiated by isomer II or d-(Tp)i,T. The results suggest that 
DNA polymerase interacts with the charged phosphodiester 
groups of the primer molecule and may help stabilize prim- 
cr/iempiaie interaction. At least two contiguous phospho- 
diester groups are required at the 3' end of the analogue 
primers in order for polymerization to occur. Interactions 
between the polymerase and primer also appear to occur with 
phosphodiester groups located at sites remote from the 3'-OH 
polymerization site axid may be influexK^ed by the configuration 
of the methylphosphonate group. 



groups of fixed configuration arranged in an alternating 
manner Vfiih negatively charged phosphodiester groups 
liuoughout the backbone of the oligonucleotide (Miller ct al., 
i980a). The structure of the analogues noay be written as 
d-Tp(TpT/?)4T* where p denotes 3'-5' methylphosphonate 
iinlcages with either Rot S configuration throughout and p 
denotes 3-5' phosphodiester linkages. 

These oligothynudylatc analogues are able to form com- 
plexes with both poly(dA) and poly(rA). The stoichiometries 
and stabilities of the complexes arc dependent upon the con- 
figuration of the methylphosphonate group. Although the 



* Abbfcviaiioius: d-NpN, aa oUgOtauclcoiidc haviag a 3'-5' inicr- 
aucicOcikk: mttbytpbospbooate linkage; d-NpN, an oiigoimclcoddc having 
a 3'-5'p-ciilorophenyi pbosphotriester linkage; MST, (mcsitylenesuifo- 
nyl)ictfazoic; TSNI, (^iolucoeauifQuyO-^-mtroimidazalc; D£A£, di- 
etiiytammocihyl; Tns, trb(bydrQxymcthyl)iuni[K>methanc; NMR, cudcar 
uusgiftctic fci^oiiance; CD, dmilar dichroism. The symbols uacd to rep- 
rescue proieooiS nudeosides and oligcmudooudcs foUo« the lUPAC-IUB 
Commiaskxi on BiocbemicaJ N'omenclature (1970) mccommcndbtions. 
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methylphosphonate linkages of the analogues are coaipleieiy 
resistant to nuclease hydrolysis, the pbospbodiester linkages 
cither arc resistant or arc slowly hydrolyzcd (Miller ct al, 
1980a). We have also found that these analogues inhibit 
nuclcase-catalyzcd hydrolysis of DNA. 

The presence of negatively charged pbospbodiester groups 
in these analogues provides potential recognition siics for 
various nucleic acid enzymes. This and the ability of the 
analogues to form complexes with complementary poly- 
nucleotides suggested that they might serve as primers or 
substrates for nucleic acid replication enzymes such as DNA 
polymerase or DNA ligase. In this paper we ex|dore the ability 
of d-Tp(TpTp)4T and oligothymidylate derivatives of this 
analogue, d-Tp(TpTp)3T(pT)i_5, to initiate tempiate-direaed 
polymerizations catalyzed by DNA polymerases from Es- 
cherichia coli and calf thymus. The results of these studies 
provide some new insights into possible recognition features 
between the polymerases and their oligonucleotide initiators. 

Experimental Procedures 

Thymidine. d-(Tp)uT. poly(dA), E. coli DNA polymcnise 
1, and calf thymus DNA polymerase a were purchased from 
P-L Biochemicais. Tritium-labeled thymidine triphosphate 
was obtained from New England Nuclear. Anhydrous pyr- 
idine (MiUer et al.. 1980b), (mesitylenesulfonyl)teirazolc 
(SUwinski et al., 1977), (p-toluenesulfonyl)-4-nitroimidazole 
(Gough et al.. 1979), d.l(MeO)2TrlTp(TpTp)3TpCNET 
isomers I and 11. and d-Tp{TpTp)4T isomers I and II (Miller 
et al., 1980a) were prepared as previously described. Prepa- 
rative thick-layer silica gel chromatography (PTLC) was 
performed on FLK 5 F plates (20 cm x 20 cm X 1 mm) 
(Whatman, Inc.) with mixtures of methanol and chloroform 
as solvents. Preparative high-performance liquid clu-oma- 
tography (HPLC) was performed on a Partisil M-9 silica gel 
column (9.0 mm X 50 cm) (Whatman, Inc.). The colui^n was 
eluted at a flow rate of 4.0 mL/min with a hnear gradient of 
0-20% methanol in chloroform (total volume 240 mL). 
Analytical and preparative ion-exchange HPLC were carried 
out on a Pellionex AL WAX column (4-6 X 50 cm). The 
column was eluted at a flow rate of 1.0 mL/min with a linear 
gradient of 0.001-0.50 M or 0.001-LO M ammonium acetate 
in 60% cthanol/ water (total volume 40 mL). Analytical re- 
yersed-pha&c HPLC was performed on a Partisil 10 ODS-3 
column (4.6 mm X 25 cm) (Whatman, Inc.). The cdunm was 
eluted at a flow rate of 2.5 mL/min with a linear gradient of 
0-25% acetonitrile in 0.10 M ammonium acetate buffer. pH 
5.8 (total volume 50 mL). 

f reparation of Oligothymidylate Methylphospkonate 
Analogues. The same general synthetic procedures were used 
as previously described for the preparation of alternating 
mcthylphosphonate/pho&phodiestcr oligothymidykiie analogues 
and oligonucleotide p<hlorophcn^ phosphotricsiers (Miller 
ct al.. 1980a,b). Protected oligothymidylate methyl- 
phosphonate analogues d-t(M60)2TrlTp{TpTp)iTp- 
(Tp)j,TOAc isomers 1 and II (« = 0-4) were each prepared 
by reaction of the triethylammonium salt of d((MeO)2Trl- 
Tp(TpTp)3Tp isomer I or isomer II with dTOAc or d- 
(Tp),TOAc (/I = 1-4) in anhydrous pyridine in the presence 
of MST or TSNI. Reactions employing MST were run for 
3 h while those employing TSNI were run overnight at room 
temperature. After woricup, the protected ohgomers were 
purified by silica gel FTLC or by preparative siUca gel HPLC. 
The reaction conditions and yields arc given in Table 1. 

T\it pure protected oligomers were treated with LO niL of 
solution coiiLaimiig 0.017 M tctra-/i-butylaimuoiiiuni fliiOi idc 
in tetrahydrofuran/ pyridine/ water (8:1:1 v/v) at room lem- 



i^eraiure for 24 h» followed by treatment with 2 mL of 50% 
concentrated ammonium hydroxide in pyridine at 4 *C for 2.5 
days. After evaporation of the soWcnts the residue was ucated 
with 0.5 mL of 80% acetic acid at 37 ^C for 30 min. The 
resulting d-Tp(TpTp)3T(pT)i_5 analogues were each purified 
by preparative HPLC on a PelUonex AL WAX column 
(Uutzinger et aU, 1978). Fractions containing the pure oh- 
gomefs were combined, and the ammonium acetate was re- 
moved by passing the oligomer solution through a DEAE- 
ceUulose column (2.5 X 4 cm) as previously described (Miller 
et al., 1980b). The oligomer was eluted from the DEAE 
column with 1 M ammonium bicarbonate. After removal of 
the buffer by evaporation, the oligomer was dissolved in 50% 
ethanol/water. and the solution was stored at 0 **C. For use 
in the physical and biological experiments, aliquots containing 
the required amount of oligomer were evaporated to dryness, 
and the oligomer was dissolved in the buffer used in the 
particular experiment. 

The deprotectcd oligomers were characterized by digestion 
with snake venom phosphodiesterase and bacterial alkaline 
phosphatase. Twelve nanomoles of oligomer was treated with 
2 iLg of snake venom phosphodiesterase and 0,9 unit of bac- 
terial alkaline phosphatase in 25 mL of buffer containing 10 
uM Tris-HCl, pH 8.0, and 2 mM magnesium chloride for 24 
h at 37 *C. The digest was briefly heated at 100 **C and then 
analyzed by reverscd-phase HPLC. The areas under the 
product peaks were measured, and the ratio of d-TpT/d-T was 
calculated (Table 11). 

Interactions of d-Tp{TpTp)^T{pT),,^ with Poly{dA). 
Ultraviolet spectra were recorded on a Varian 219 spectro- 
photometer equipped with a thermostated ceU compartment 
and temperature readout accessory. The continuous variation 
experiments and melting experiments were carried out as 
previously described (Miller ct al, 1971). Melting curves were 
corrected for the change in absorbance of poly(dA) with 
temperature. No change in absorbance was observed for 
d-Tp(TpTp)3T(pT)i^ over the temperature range investigated. 
The following molar extinction coeffidents were used: poly- 
(dA). Ziiin^ - 9100; d.(Tp)uT, ^266^ = 8700; -d-Tp- 
(TpTp)3T(pT)i-5 isomers I and 11, E265aci = ^^00 and 2Z2o5Lm 
= 8600, respectively. 

DNA Polymerase Catalyzed Reactions. Enzymatic rcac- 
tioxis were run in duplicate under the conditions described 
below. The reaction mixtures were preincubated for 10 min 
at the appropriate temperature in the absence of cn2yme. The 
reactions wms then initiated by addition of enzyme. Aliquots 
(4 fit fot DNA polymerase I reactions. 6 for DNA po- 
lymerase a reactions) were withdrawn at appropriate times 
and added to 1 mL of kx^ld 5% trichloroacetic acid soluuon. 
The solution was filtered on a glass fiber filter (Whatman 
GF/C). The filter was washed with four 1-mL alkjuois of 2 
H hydrocy<Hic acid and four 1-mL aliquots of 95% cthanol. 
Alter being dried under a heat lamp, the filters^ere counted 
in Beiafiuor (National DiagnosUcs. Inc.) scintiUation fiuid, 
{A) £. coli DNA Polymerase I Reactions, Reactions were 
carried out in 30 ^L of solution containing 20 mM Tris-HO, 
pH 7.6» 5 mM magnesium chloride, 0.1 M potassium chloride, 
0.6 of bovine serum albunain. 50 poly(dA) (base con- 
centration). 5 mM oligothymidylate (base concentration), and 
i 00-200 iM ^H-labeled thymidine triphosphate, sp act. 
250-500 mCi/nunol. Reacti<Mis were initiated by addition 
0J25-O.25 unit of DNA polymerase L 

{B) Calf Thymus DNA Polymerase a Reactions. Reactions 
wc^c carried oul in 40 ^L of solution conlainiug 20 mM pPi 
tasiium phosphate, pH 7.2. 6 iig of bovine serum albumin. 1 
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Tablfc I: Synthesis of Protccttsd OHgoihymidylaie Meihyiphosphoii;itcs 



% 

■it 

ft" 



oligomer ' 


isomer 


Tp(TpTp)3'rp 


5*-0H component 
Oimol) 


condensing agent 
(Mmoi) 


yield 
{%) 


d.l(MeO)3Tr|T/7{Tp1»3TpTOAc 


1 


5.0 


d-T0Ac(?.5) 


MST (30) 


37 


d-[(MeO),TrlTp(TpTp),TpTpTOAc 


1 


5.0 


d-TpTOAc{7.5) 








11 


2.5 


d-TpTOAc(3.8> 


MST (15) 


7 


d-HMeO),Tr)Tp(TpTp),T(pT),TOAc 


1 


5.0 


HTi>):j:OAc (7.5) 


MST (30) 


51 




U 


2.5 


MTidJOAcO.H) 


MST (15) 


7 


(i-((MeO)3TrjTp(TpTp),T(pT)5TOAc 


1 


2.5 


clHTp),TOAc (3.8) 


rSNl(15) 


13 




n 


2.5 


d-(Tp),TOAc (3,8) 


TSN1(15) 


9 


d-KMeO)3Tr]Tp(TpTp)jT(pT>4TGAc 


1 


5.0 


d-<Tp)^TOAc (7.5) 


TSNl (20) 


50 




11 


5.0 


iHTp),TOAc{7.5) 


TSNl (20) 


40 



Table 11 : C^haraciexiza lion of OUgo thy midy late 
Methylphosphonates 



.1 



i 



oligomer 



elution 
position on 
Fcllionex 
ALWAX<» 



enzymatic ■ 
hydrolysis 
producu'^ 
(dTpT/dT) 

obsd theory 



d-Tp(TpTp),TpT 
d-Tp(TpT)>),T(pT), 

d-Tp(TpTp)5T(pT), 

d-Tp(TpTp)3T(p'D, 

d-Tp(TpTp)J(pTi, 



i^mexl 
isomer] 
isomer 11 
isomer 1 
isomer 11 
isomer 1 
isomer U 
isomer I 
isomer U 



a2iM 

a27M 
0.26 M 
a36M 
0.34 M 
0.43 M 
0.43 M 
0.56 M 
0.56 M 



3.7/1.0 
1.9/1.0 
1.9/1.0 
1.4/1.0 
1.2/1.0 

as/i.o 

0.9/1-0 
0.6/1.0 
0.7/1.0 



4.0/1.0 
2.0/1.0 

1.3/1.0 

1.0/1-0 

0.8/1.0 



** Ammonium acetate concentration at which oligomer is eluted 
from a Peilionex AL WAX column. ^ Conditions for hydrolysis 
are given under Experimental Procedures. 

mM diiliiothrcitoi, 6 mM magnesium ac^te, 50 pM poly(dA) 
(base concentration), 5 ^lM oligothymidylate (base concen- 
uation), and 100 plM ^H-iabeled thymidine triphosphate, sp 
act 250-5(X) mCi/mmd. Reactions were initiated by addition 
of 0.6-1.1 units of DNA polymerase a. 

Results 

Synthesis of Oligothymidylate Methylphosphonaxes, The 
syntheses of d-T/>(TpTp)^T isomers I and II have been pre- 
viously described (MlUer et al, 1980aX and the preparaUons 
of the digothymidylate derivatives, d-Tp(TpTp)3T(pT). [n = 
I~5), dosely follow these procedures. The reaction conditions 



and isolated yields arc given in Table I. The deprotected 
oligomers were purified by high-performance liquid chroma- 
tography and were characterized by hydrolysis with a com- 
bination of snake venom phosphodiesterase and bacterial al- 
kaline pho^hatase as indicated in Table IL The designations 
isomer I and isomer II refer to the configuration of the me- 
ihylphosphonate linkage^ which is the same throughout each 
isomer. The absolute configuration of the type I and type II 
methylphosphonate group has not as yet b6en determined. 

Interaction of Oligothymidylate Meihylphosphonates with 
Pciy(deoxyadenylic acidf). Complex formation between the 
oligothymidylate methylphosphonates and poly{dA) was de- 
termined under the salt conditions used in the DNA polym- 
erase 1 and DNA polymerase a experiments (see the following 
section). The stoichiometries, melting temperatures, and 
temperatures at which the complexes are melted are sum- 
marized in Table III for the DNA polymerase I ionic strength 
conditions. Similar results were obtained for complexes in the 
DNA polymerase a buffer, although the melting temperamres 
were approximately 2 **C lower (data not shown). The melting 
profiles of all the complexes are sigmoidal in shape and show 
the expected increase in T^^ as the oligomer chain length in- 
creases. 

Ability of Oligothymidylate Methylphosphonates To Serve 
as Primers for DNA Polymerase. Tabic IV compares the 
initial rates of polymerization reactions initiated by d-Tp- 
(TpT/?)^T and d-T/>(TpTp)3T(pT). (/i = 1-5) with those in- 
itiated by d-(Tp)nT on a poly(dA) template. The reactions 
were carried out at 37 *C by using either £. coli DNA po- 
l>'merdse 1 or calf thymus DNA polymerase a and were 
monitored by following the incorporation of 'H-labcled thy- 



Table Ul: Complex Formauon between Ohgothymidylate Methyiphosphojiaie Anaio^^es ai^d Foly(dA)« 



oligomer 



sioicnioiueuy of complex 







iT:iA 


d-rp(TpTp);r 


isomer 1 


iT;lA 




isomer 11 


2'r:iA 


d-Tp(TpTp),TpT 


isomer I 


rf:lA 


d-TKTpTp),T(pT), 


isomer 1 . 


rr:iA 




isomer 11 


2T;iA 


<iHp(TpTp),T(pT), 


isomer 1 


1T:1A 




isomer U 


mixiure of lT:iA 


d-Tp(TpTp)^T{p'n^ 




diid 2T:1A 


isomer 1 


1T:1A 




isomer U 


lT:iA 


d-Tp{TpTp>,T(pT>, 


isomer 1 


rf:iA 




isomer 11 


1T:1A 



temp at which 
complex is completely 
T^CC) melted no 

36.5 47 

32,4 40 

2** IS^ 

31.4 39 

33.5 40 
S.O 20 

36.5 49 
13.5 25 

39.0 50 

19.0 31 

41.8 52 

24.2 34 



^h^I^'clr ^^^A^H?*^^"^^ ^P^^ ^'^^^ ^ magftcsium dUoridc. and 0. 1 M poiasiium diioride; ioiai nuclcoiide conccniratioa 2.5 X 10 * 
M^Buffer: ai M sodium cocodylaic (pH 6.8); total nucleotide conccnuation 2.5 X 10* M, 



Table i V: AbiUiy of Oiigoihymidylate Methylphosphonaie 
Analogues To Initiate DNA Polymerase Catalyzed Foiyinerizaaon 
on a Poly(dA) Template at 37 '^C 

initial rate relative to 
d-<Tp)uT-initiated reaction^ 



DNA 
polymerase 1 



DNA 
polymerase a 



primer 



isomer I isomer 11 isomer 1 isomer 11 



d-(Tp),J 

a-Tp{TpTp)J 

d-Tp(TpTp),TpT 

d-TpCTpTpjJCp-n, 

d.Tp(TpTp)3T(pT)3 

d-Tp(Tp'Ip)J(p'n4 
d-Tp(TpTp)3T(pT), 



1.000 



1.000 



0.000 


0.000 


0,000 


0.000 


0.000 




0.000 




aou 


0.000 


0.006 


0.004 


ai20 


0.000 


0.149 


0.015 


0.535 


0.047 


0.43? 


0.072 


0.984 


0.331 


0.721 


0.229 



^ 'flie reaction conditions are given under Experimeniai ?roce- 
dores. 

midylic acid into trichloroacetic acid precipiiable material. 
The initial incorporation of label was linear with time for 
reactions catalyzed by either enzyme. No incorporation of 
labd was observed in the absence pf cither primer or template 
m<^ecules. 

Neither d-Tp(TpTp)^T nor d-Tp{TpTp)3TpT initiated po- 
lymiaizaticai on the piy(dA) template in the presence of DNA 
polymerase I. Polymerization was observed for reactions in- 
itiated by d-Tp(TpTp)3T(pT)^5 isomer L The initial rates 
of polymerization increased as the chain length of the oiigo- 
ihymidylate tail of the analogue increased. The rate of po- 
lymerizauon initiated by d-Tp(TpTp)3T{pT)5 isomer I was 
almost identical with that of the reaction initiated by d-(Tp)iiT 
at 37 **C. In contrast, d-Tp(TpT/>)3T(pT)„ isomer 11 served 
as a primer only when /i was 4 or 5. Although the initial rates 
of the reactions primed by the shorter oligomers were con- 
siderably less than that for the reaction initiated by d-(Tp)ijT, 
the extent of these polymerizations approached that of d- 
(Tp)nT after prolonged incubation. 

Similar results were obtained for reactions catalyzed by calf 
thymus DNA polymerase a. No priming activity was observed 
for d-Tp(TpTp)4T or d-Tp(TpTp)3TpT. while d-Tp- 
(TpTp)3T(pT)2-5 showed increasing priming ability as the 
chain length of the oligothymidyiate tail increased. In contrast 
to the results obtained with DNA polymerase 1, the d-Tp- 
{TpTp)5T(pT)2^3 isomer II analogues each served as primers 
in the DNA polymerase a catalyzed reactions. Although the 
initial rates of these reactions were quite small, prolonged 
incubation resulted in polymerization levels comparable to 
those obtained in the d-{Tp)uT/poly(dA) control reactions. 
On the other hand, no pdymerization was observed, even after 
prolonged incubation, when DNA polymerase I was the cat- 
alyst. 

The effects of temperature on polymerization reactions 
initiated by d-(Tp)iiT and d-Tp(TpTp)3T(pT)4^ j were do- 
Unnined. The results of a typical experiment are shown in 
Figure 1 for polymerizations catalyzed by DNA polymerase 
1 with d-(Tp)uT and d-Tp(TpTp)3T(pT)4 as primers. The 
data are presented in the form of an Arrhenius plot. The 
apparent activation energies calculated from these plots are 
given in Table V. 

The rates of the DNA polymerase I catalyzed polymeri- 
zation primed by d-Tp(TpTp)3T(pT)4 arc very temperature 
dependent. The rate of the isomer 1 primed reaction diminishes 
rapidly with decreasing temperature and is barely detectable 
below 19 **C. In contrast, the isomer II primed reaction has 
a rate maximum at 27 *C. At low temperatures, isomer li 
is a better primer than is isomer 1. The rates of polymcriza- 




3.1 3.2 



3.3 3.4 3wS 3.6 
l/T(KXiO*) 



FIGURE 1: Arrhenius plot of the cfTea of temperature on the rate 
i^KcoU DNA pdymcrasc I catalyzed polymerizations on a poly(dA) 
template u^g d-(Tp)HT (©) and d-Tp(TpTp)3T(pT)4 isomer 1 (•) 
arid isomer 11 (O) as primers. The reaction conditions are given under 
Expcrimcnul Procedures. 

Table V: Apparent Activation Energies for Reactions Catalyzed 
by DNA Polymerase 1 on a Poly(dA) Template^ 



primer 



d-(Tp)«T 

d-Tp(TpTp)J(pT)^ 
d-Tp(TpTp)J(pT), 



isomer 1 
isomer 11 
isomer i 
isomer II 



44.5 (5-20) 
11.9(20-35) 
91.5 (19-25) 
32.7 (25-35) 
66.9(8-18) 
21.5(18-24) 

56.7 (5-20) 

23.8 (20-35) 

38.9 (5-25) 



^ The reaction conditions are given under Experimental Proce- 
diiiei. The apparent activation energies were determined from 
Arrhenius ploto similar to Figure 1 and are the average values ob- 
tained &om at least two experiments. The temperature range 
(degree Celdus) is in parentheses. 

aoas initiated by d-TKrpTp)3T(pT)5 istMner 1 increased over 
the temperature range 5-35 *Q while iscmier H showed a rate 
maximum at approximately 25 *C. Similar temperature 
dependence was observed for reactions catalyzed by DNA 
polymerase a. 

The apparent activation energies of DNA polymerase 1 
catalyzed polymerizations initiated by d-Tp(TpTp)3T(pT)4 
isomers I and H and d-Tp(TpTp)3T{pT)5 istrnicr 1 arc between 
1 .3 and 2.7 times g. eater than those observed for d-(Tp)iiT- 
initiated polymerization (Table V). The apparent activation 
energy for tlic d-T/KTpT/>)3T(pT)5. isomer II initiated reacaon 
is similar to that of the d-(Tp)uT-initiated reaction over the 
temperature range 5-25 **C. Similar results were obtained 
for the DNA polymerase a catalyzed reactions. 

Discussion 

We have examined the ability of d'Tp(JpTp)4T and a series 
of 3'-oiigothymidylate derivatives of this analogue. d-Tp- 
(TpTp)3T(pT)i-5, to initiate polymerizations catalyzed by 
DNA polymerase on a poly(dA) template. The oiigo- 
ihymidylate derivatives were prepared by methods analogous 



to the phosphoiriesier approach used to synthesize oligo- 
deoxynbonucleotides (MiUer et al., 1980b) Thus 3'-0- 
ac^rf^yimdme « 3'-aacetyk,Iigothyn«^^ 
^hotnes,cn,<KTp),TOAc(«= 1-4). were added to dther 

I(McO)3Tr]Xp(TpTp)3Tf. (Milkr et al.. 1980a). As shown 
m lable I. reactions carried out on a 5-,imol scale generally 
proceeded m satisfactory yield, while the yields for the 2.5 tm^ol 
scale reactions were quite low. These low yields can be at- 
inbutcd to the difficulty of excluding smaU traces of moisture 
irom the condensation reaction mixtures. 

The p-cUorophcnyl phosphate protecting groups were se- 
lecuvely removed with tetra-n-butylammonium fluoride in 
aqueous tctrahydrofuran (Ogilvie & Beaucage 1979) a 
reagent which does not attack methylphosphonaie linkages 
(Miller et al., 1980a). The percentage of unwanted inier- 
iiudeoude phosphoiriesier bond cleavage increased as the chain 
l«glh of the oligomers increased. However, the use of pyridine 
aldoxunate. a reagent which does not cause intemucleoude 
phtephotnester bond cleavage (Reese et al.. 1978). was pre- 
c^^jmce this reagent hydrolyzes methylphosphonaie 

The deprotected oligonucleoudes were completely hydro- 
l ^"'^ ''■■^^■^ ^ combination of snake venom 

phosphodiesterase and bacterial alkaline phosphatase The 
/^•^'Jlf "ff f P'*^"^ obtzintd for each analogue 
Uabte 11) Although snake venom phosphodiesterase alone 
hydrtdyzed the oligothymidylate tail of d-Tp(TpTp),T{pT) 
further hydrolysis of the remaining d-TKTpTp)3T was in- 
complete even after prolonged incubation. Previous studies 
have shown that this enzyme completely hydrolyzes the 
phosphodjester but not the methylphosphonate linkages of 
a-l/>UpTp)4T m an exonucleolytic manner starting at the 3' 
end of the analogue (Miller et al.. 1980a). The inability of 
snaltt venom phosphodiesterase to completely hydrolyze ihe 
methylphosphonate-flanked phosphodiester bonds of d-Tp- 
( 1 pTp)3T(pT). suggests that the d-pT initiaUy formed in the 
; rM«ion serves as an inhibitor of hydrolysis of these phos- 
phodiester bonds. 

• The analogues d-TpiTpTp),TipT),,s with the type i me^ 
ihylphojphoaatc coafiguracion each formed 1T:1 A duplexes 
with paly(dA) (Table III). Two ionic strength conditioiwere 
^ '""'ri^^ «periments: 0.1 M potassium chloride, 20 
mM Tns.HCl, and 20 mM magnesium chloride, the buffer 
used for the DMA polymerase I rcacUons, and 20 mM po^ 

labium phosphate and 6 mM magnesium acetate, the buff^ 
used for the DNA polymerase a reactions. The stabilities of 
ibe duplexes m the DNA polymerase I buffer system were 
shghdy greater than those measured in the DNA polymerase 
a buffer system and rcflea the greater ionic strength of this 
biif fer. As expected, the values of the duplexes increased 
as the Cham length of the analogues increased. 

In contrast to the behavior of the analogues with type 1 
mediylphosphonate^^^ 

Liz ''Sf' ^^'^^ ""^^^'^^ ''^''^ <^"p^^^«^ ^-^^ 

, lx>ly(dA). The type of complex formed depends upon the 
loigth of the 3Menninal oligothymidylate taU, The values 
; of the isomer n/poly(dA) complexes are 17-30 -C lower than 
^ those of the isomer i/poiy{dA) duplexes. This behavior is 
simikr to that prcWously^bsen^cd for d-T/KTpTpL^ 

vs. d^Tp(TpTp),T isomer IL The influen^T^^^^ 
thylphosphonate configuration on the stoichiometiy and the 
stabthty of the analogue/poly(dA) complexes may reflect 
differences m the hydraUon of the methylphosphonaie/ 
phosphodiester backbone of the oligomer in the duplex vs the 
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single-sirand forms (Miller et al., 1980a). 

The ability of the oligonucleosidc methylphosphoh 
serve as initiators of polymerization caUlyzed by either 
DNA polymerase I or calf thymus DNA polymerase u 
poly{dA) template was examined. The initial rates o 
iymerization observed are compared with those observed 
^'(Tp)uT-in»tiated polymerizations in Table IV Ncit 
d-rpiTpTp)J not d-Tp(TpT;?)3TpT served as primers for 
polymerization reactions, even after prolonged (24-h) ina 
bation. The presence of two thymidylate residues at the j 
end of the analogue resulted in priming activity by d-Tp- 
(^9TphT(pT)2 isomer I. Further additions of 3'-ihymidylate 
residues gave increasingly more efficient primers. Thus the 
mitial rate of polymerization initiated by d-Tp(TpTp)3T(pT)5 
isomer 1 was nearly the same as that of d.(Tp)i,T-imtiated 
polynicnzation. In contrast to the results obtained with isomer 
U isomer II showed considerably less ability to initiate po^ 
Iymerization at 37 ''C, 

The results suggest that the presence of methylphosphonate 
linkages in the backbone of the primer molecule can signifi- 
cantly perturb the priming ability of the oligonucleoudes. 
Since all the oligomers tested with the type I methyl- 
phoiphotmte omfiguraticHi form stable duplexes with poly(dA) 
the lack of priming ability does not result from inability of 
the ohgomer to hind to the template. This observation suggests 
thai the presence of the methylphosphonate groups may 
perturb the binding of the polymerase to the initiator/template 
complex. Thus binding sites on the polymerase may interact 
directly with the charged phosphodiester backbone of the 
oligonucleotide primer. This conclusion is in agreement with 
recent studies by Fisher & Korn (1981) on the effects of 
magnesium ion concentration on polymerization reactions 
Their results suggest that phosphodiester groups of the primer 
interact via a magnesium complex with binding sites of KB 
cell DNA polymerase a. Introduction of nonionic methyl-' 
phosphonate groups could thus directly eliminate binding in- 
teracnons between the primer backbone and the enzyme or 
could perturb the interactions of adjacent phosphodiester 
groups with the enzyme. 

Previous studies have shown that a free 3'-hydroxyl group 
IS required for initiaUon of polymerization (Hubcrman Sc 
Kornberg, 1970). NMR invesUgations have suggested that 
the zmc $iiom associated with £, coiiDUA pdym^ase I binds 
to the 3'-hydroxyl group of the primer molecule (Springgate 
et al, 1973). The ohsovation that d-T/>(TpTp)3T(pT)j isomer 
I but d:Tp(TpTp)3TpT isomer 1 can initiate pdymerizaticMi 
suggests that at least two conUguous phosphodiester groups 
are required in molecules of this type for polymerization to 
occur. These phosphodiestcrs could serve in addition to the 
3'-hydroxyi group as binding points between the polymerase 
and the 3' end of the primer molecule. 

In *hc case of the analogues with the type 11 methyl- 
phosphonaie backbone configuration, only d-Tp(TpTp)3T- 
ipTh^s isomers, which form 1T:1A duplexes with poly(dA), 
arc able to prime polymerization reactions catalyzed by DNA 
polymerase I at 37 However, the results shown in Table 
111 indicate that at this temperature the duplexes should be 
completely melted out. These observations therefore suggest 
that complex formauon between the initiator and the temj^tc 
is not required in order for initiation of polymerization to ocxair. 
Thus, the polymerase may stabilize binding of the initiator with 
the template. Similar suggestions have been made for rep- 
iicaiion of single-strand DNA by T4 phage DNA polymerase 
(Gouiian et aL, 1968), for replication of homopolymcrs by calf 
thymus DNA polymerase a (Cassani & BoUum, 1969; Chang 



et aL, 1972), and for replication of singk^trandcd **hook" type 
primcr/templatcs by KB cell DNA polymerase a (Fisher & 
Kora, 1979). 

Results obtained with calf thymus DNA polymerase a were 
similar to those of the DNA polymerase I experiments. In 
this case, however, d'T/>(TpTp)3T(pT)2«d3 isomers H which 
form 2T:IA triplexes with poly(dA), can also initiate polym- 
erization. Possibly in this system the polymerase seleaivcly 
stabilizes duplex formation between the analogues and the 
template. 

The effects of temperature on polymerization reactions in- 
itiated by d-(Tp)nT and d-Tp(TpTp)3T{pT)4aDds were ex- 
amined (Figure 1 and Table V). Arrhenius plots of the rate 
vs. temperature data were biphasic with a break point oc- 
curring between 20 and 25 *C. This behavior is in contrast 
to the linear plot observed for the polymeric primer/tempiaie 
system poly (d-A-T) whose apparent activation energy is 17 
kcal/mol over the temperature range 4-40 *C (McClure 8l 
Jovin, 1975). The biphasic nature of the plots for the oligo- 
nudeoiide-primed polymerizations may result from a change 
in the raie-determiniog step of the polymerization reaction as 
the temperature is increased. 

For reactions catalyzed by DNA polymerase I, the order 
of apparent activation caaer^cs for the oligonudeotid^-initiatcd 
reactions is d-T/>(TpTp)3T(pT)4 > d-TKTpTp)3T(pT)5 > 
d-(Tp)uT. Both d-Tp{TpTp)3T(pT)4 isomers I and II and 
d-Tp(TpTp)3T(pT)j isomera I and II form 1T:1 A duplexes 
with poly(dA). The CD spectra of these duplexes are wtually 
identical with that of the d-(Tp)uT/poly(dA) duplex (data 
. not shown). This suggests that the conformation of the ana- 
logue/poly (dA) duplexes are very similar if not identical with 
that of d-(Tp)nT/poly(dA). Thus it is unlikely that the in- 
creased apparent activation ener^es of the analogue-initiated 
polymerizations vs. that of the d-(Tp)nT'initiated polymeri- 
zation arc due to differences between the conformation of the 
analogue/poly(dA) duplexes and that of the d-(Tp)iiT/ 
poly(dA) duplex. 

The increased apparent aaivaiion energies could be a 
consequence of unfavorable interactions between the polym- 
erase and the methylphosphonate groups of the analogue 
primer backbone. Such altered interactions could influence 
the rate of polymerization by directly affecting the formation 
of the enzyme/primer/temjriiatc complex. Alternatively, the 
rates of subsequent steps in the polymerization process, such 
as translocation <^ the polymerase, could be altered by unfa- 
vcH^ble interactions. The methylphosphonate groups in d- 
T/>(TpTp)3T(pT)4oa45 are located scmdc (^stance rranovcd from 
the site of the polymerization reaction. Thus interactions 
between the polymerase and the initiaUM- bacldxuie may extend 
up to at least five nucleotide units from the 3'-OH terminus. 
This would be consistent with the model of Fisher & Kom, 
which suggests that up to seven phosphodiestcr linkages may 
be involved in primer /polymerase binding. The observation 
that the apparent activation energies of the type I analogues 
are greater than those of the type II analogues suggests that 
such interactions may be influenced by the configuration of 
adjacent methylphosphonate groups. 

The results presented in this paper suggest that DNA po- 
lymerase interacts with charged phosphodiestcr groups of the 
backbone of the primer molecule. Such interactions appear 



10 occur with phospbodiester groups located at the 3' 
of the primer as weU as with groups located at sites rem 
from the 3' end. Although d-Tp(TpTp)T isomer I docs 
serve as an initiator of DNA polymerization, prelim 
experiments have shown that it does inhibit d-(Tp)iiT-initia 
polymerization on a poly(dA) template catalyzed by DNA 
polymerase a. Further charaaerization of this mhibitory 
reaction may provide additional insights into the interactions 
of DNA polymerase with primer/ template complexes. 
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Oiigothymidyiate Analogues Having Stereoreguiar, Alternating 
Methyiphosphonate/Phosphodiester Backbones as Primers for DNA 
Polymerase^ 

Paul S. Miller,* Nancy D, Annan,* Kevin B. McPariand, and Stephen M. Ptiiford* 



abstract: Oiigothymidyiate analogues having stereoreguiar, 
alternating methylphosphonate/phosphodiester backbones. 
d-T/j(TpTp)4T isomers I and II and d-Tp(TpTp)3T(pT)i,j 
isomers i and II, were prepared by methods analogous to the 
phosphoiriesier synthetic technique. T^e desi^tions isomer 
1 and isomer U refer to the configuration of the methy!- 
phosphonaic linkage, which is the same throughout each iso- 
mer. Analogues wiih the type I mcthylphosphonate oonfigu- 
raiion form very stable duplexes with poly (dA) while those 
wiih the type II configuration form either 2T:1A triplexes or 
1T:1A duplexes with poly{dA)'<rfconsideraWy lower siabilities. 
The oiigothymidyiate analogues were tested for their ability 
to initiate polymerizations catalyzed by Escherichia coH DNA 
polymerase I or calf thymus DNA polymerase a on a poly(d.A.) 
template. Neither d-T/KTpTp)4T nor d-Tp(TpTp)jTpT sensed 
as initiators of polynierization while d-Tp(TpTj3')3T(pT)2-5 

C^ligonucieotidc analogues having nonionic alkyl phcspiKv- 
triester as meihylphospk>nate badcbooes have served a^ modeis 
for studying the influence of backbone structure on the con- 
formation and interactions oi jaudcic acids (MiU^ ct aL, 1971; 
Piess & Ts'o, 1977; Miller ct al., 1979; Kan ct aL, 1980). As 
a result of their al^ty to form compicaccs with comj^oifientary 
nucleic acid sequences, these noncharged analogues have been 
used to probe and regulate cellular nudeic add function both 
m the test tube and in living cells (Miller ct al, 1974. 1977, 
1981; Barrett etal, 1974; Jayaramau et al., 1981). Ina receai 
publication we described the synthesis and physical properties 
of novel oHgothymidylate analogues having methylphosphonaie 
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showed increasing priming ability as the length of the 3'- 
oiigothymidylaie tail increased. Analogues with type 1 me- 
thylphosphoaate configuration were more effective initiators 
ih'dn ihc type II analogues at 37 **C. The apparent activation 
energies of polymerizations initiated by d-Tp(TpTp)3T- 
(pT)^^5 isomer I were greater than those for reactions ini- 
riated by isomer II or d-(Tp)i|T. The results suggest that 
DNA polymerase interacts with the charged phosphodiester 
groups of the primer molecule and may help stabilize prim- 
er/template interaction- At least two contiguous phospho- 
diester groups are required at the 3' end of the analogue 
primers in order for polymerization to occur. Interactions 
between the polym^ase and primer also aj^jear to occur with 
phoiiphodiesier groups located at sites remote from ihc 3'-OH 
poiysictization site and may be influenced by the configuraumi 
of the meihylphosphonatc group. 



groups of fixed configuraiion arranged in an alternating 
manner with negatively charged phosphodiester groups 
ihioughout the backbone of the oligoaudeotidc (Miller ct al., 
i980a)- The structure of the analogues may be wriucn as 
d-T^{TpTp)4T* where; p denotes 3'-S' methylphosphonaie 
linkages with either RorS configuration throughout and p 
dcaoies 3'-5'* phosphodiester linkages. 

These oiigothymidyiate analogues are able to form com- 
picxts with both pdy(dA) and poly(rA). The stoichiomciries 
and stabilities of the complexes are dependent upon the con- 
figuration of the methylphoiiphonatc group. Although the 



* Abbfcmtiaiis: d-NpN, aa oligonucleoudc having a 3'-5' ioicr- 
mick^xiidc Kteihytpboiipboiaiic linkage; an oiigoaudcotide having 

a 3^-5' p-chU>ti^cayi phosghavricsict hnkagc; MST. (attsitykaft<^fo- 
nyOicirazolc; TSNI, (^w>iucoesuifcmyl)-4-mtn»mida2dc; OEAB, di- 
cthylaimisocihyl; Tris, tris(bydroxynM!ihyi)a mimvm dha fff ; NMR, cuctcar 
iiw&itctic rcsoiuincc; CO, circsulaf rfichroiiwtt. Tbe symbols uiiwl U> rep- 
resent proissacd iiutisosidts and oligoflttdtooddcs follow the lUPAC-lUB 
CosnmiiSiOn on Bsocfaemicai Nomcnclaiurc (1970) rccoiamcndaiioni. 
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methylphosphonate linkages of the ^loeacsjrc *^^i>^^^'y 

rcsisunt to audcasc hydrolysis, th. P^-^P^^^f^J »f ^^|r 
cither arc resis'^nt or arc slowly hydrolyzed (Miller ct al.. 
iS we have also found that these analogies inhib.t 
nudeasenatalyzed hydrolysis of DNA. , ^. 

rSSin^ of negatively charged phosphod.ester group, 
in tbe^ analogues provides potential ^f^^^^^^^'^. 
various nucleic acid enzymes. This and the ability of tne 
I^togues to form complexes with complementary poly- 
nucleotides suggested that they might serve ^ pnme^s o^ 
substrates for nucleic acid repUcation enzymes such as DN A 
SS^o^DNAligase. In .Ms pap« we explore the abJ,^ 
of d-Tp(TpTp),T and oligothymidylate derivatives of ih^ 
and<i£. d' WP)3T{PT).-. to initiate teniplate-a-a«i 
polymerizations catalyzed by DNA polymerase from £^ 
Sella coli and calf thymus. The results of these slud.« 
provide some new insights into possible recognition feature, 
between the polymerases and their oligonucleoude mmaiors. 

Experimental Procedures 
Thymidine. d-Crp)uT. poly(dA). £- coli DNA polymerase 

1, L calf thWus DNA polymerase a -ere Purchased from 

P-L Biochendcals. Tritium-labeled thymidme triphosphate 
obtained from New England Nudear. ^Vj^W; 

idine (MiUer ct al.. 1980b). (mesitylcn«ulfonyl teuazo c 

l£wLkietal..l977).(p-toluen«|dfo^^^^ 
(Gough et al.. 1979), <l-l(M^>^rlTKTpTp)3TpCN^^ 
Un«s I and 11. and d-TKTpTp)4T .some« I andll (MiUer 
et al.. 19&0a) were prepared as previously l}^^:^ 
laiive thick-layer silica gel chromatography (PTLC) w.s 
J^Lned on PLK 5 F plates (20 cm X 20 cm X 1 mm, 
(Whaiman, Inc.) with mixtures of methanol ^nd chloroform 
as solvents. Preparative high-performance liquid cluoma- 
tography (HPLC) was performed on a PartisUM-9 silica gc! 
S (^0 mm X 50 cm) (Whatman. Inc.). m colunp wa. 
eluted at a now rate of 4.0 mL/min with a Imear ^ajent of 

0-20% methanol in cUoroform (total vowme 240 mL)^ 
Llytical and preparative ion-exchange HPLC were earned 
oTon a PeUionex AL WAX column (4.6 X 50 m) The 
cdumn was eluted at a flow rate of 1.0 mL/mm with a Imear 
gradient of 0.001-^.50 M or 0.001-1-0 M ammomum acrtaU 
S^60% ethanol/water (total volume 40 mL)-J^lyti^^^^^ 
versed-phase HpLC was performed on a Parted 10 OD:^-3 
idumn (46 mm X 25 cm) (Whatman, !«:.). Tie column was 
eluted at a flow rate of TJ> mL/min with a linear ^dient of 
0-25% aoetonitrile in 0.10 M ammomum acetate buffer. pH 

5.8 (total volume 50 mL). 

fnparanon of Oligothymidylau Mexhyiphosphonau 
^og^. The same general synthetic procedures were used 

as previously described for the preparation of alternaung 
methylphosphonate/phosphodiester oligothymidybie analog 
andoUgoaudi^i'ieps^hloropheByiphosphomesters (MJler 
ct al 1980a.b). Proieaed pUgothymidylate methyS- 
phospbonate analogues d-aMcO),TrlTp(TpTp).Tp- 
(Tp).TOAc isomers I and 11 (« = ^1'*"^^,^^^!^^'^ 
by rcacuon of the triethylammonium salt of dKMeOhl'i- 
Tp(TpTp),Tp isomer 1 or isomer II with dTOAc or d- 
(Tt) TOAc in = 1-1) in anhydwjus pyridine in the preseiwe 
of MST or TSNI. ReacUons employing MST were run for 
3 h while those employing TSNI were run overmght at room 
temperature. After workup, the protected o|igorae« were 
purified by sifica gel FTLC or by preparative sihca gel HPLC. 
The reaction conditions and yields are given in Table 1. 

The pure protected oUgomOT were treated with 1 .0 mL 01 
solution ooiiummi; 0.017 M tclra-/^buiylami«o."u.u Uucidc 
in tetrahydrafuran/pyridine/waier (8:1:1 v/v) at room lem- 



'^^n^niraitd ammonium hydroxide in pyridine at 4 lor 
%vrX«^tion of the solvents the residue was ueated 

wiS o^Xf^ acetic add at 37 "C for 30 mm. The 

S^l^iSpCTW^^^^^ 

™«ltlL'2'J^^ea— ma«^^^ 
Loved by passing^eoli^e^^^^^^^^^ 
celiul<Be column (X5 X 4 cm; ai pi^^i^j npAE 
rtal 1980b) The oUgomer was eluted from the DtiAt 

cllumn S M ammodum bicarbonate. A/ter -remov^ ° 
^ TuL by evaporation, the oligomer -^^f^J^ 
ws .nol/water and the solution was stored at 0 C. tor u^ 
XCSand biological experiments. aUquoB O^^^^^^^ 
he -eouircd amount of oligomer were evaporated ^ drync.. 
and roUgoo^er was dissolved in the buffer used in the 

"jttprS^inierswerecharaaer^^^ 
^ith ^nake venom phosphodiesterase and bacterial alkaline 

;:^;i:ieTwew^i.^of^^^ 

SfT^^Ha pH 8.0. and 2 mM ^^'^^'^^^^ 

hat37<.C. ^*^'^^?Lc"^:' 
analyzed by reversed-phase HPLC. ine 
product peaks were measured, and the rauo of d.ipT/d-T was 
klculatcd (Table II). . d , 

corrected for the change in absorbance of P<>»n<iAJj*"^ 
r^Sure. No change in absorbance -^ ^^^^^ 
^T^TDTi>),T(pT),-5 over the temperature range mv<sUgated. 
SJlSSgSS^cxtincuon c^^^^^ 

(dA) T^«^ = 9100; d-(Tp)uT. ^^-J^^:^ ^ 
(^JwSt),-, isomers I and IL £.65«« = 8300 and £^ 

= 8600. respectively. . .» 

r>NA Polymerase Catalyze Reactions, ^y"^"""^ | 

/TTi frtr DMA Dolymerase I reacuons. 6 *iL for DNA po- - 
^i^eaS^ere withdrawn at appropriate times ^ 
"^"lld JTS!S iceidd 5% triddoroacetic add sdutioo- 
^tl1:Ji?nlS'mtSlna gl^ fiber raterJWh^inan ^, 

^VgSgS under a heat lamp, the filters^e coun^ . 
^ZSii (National DiagnosUcs. Inc.) scmtillauon Omd. , 
JdNA Polymerase I Reactions^^^^^i 
JZi out in 30 mL of sohition contammg 20 mM Tr^j*^^^ 
7 Ja magnesium cUoride. 0.1 M potassium chionde. .^ 
S i*o5 albumin. 50 poly(dA) (base co^^, 

ZilS^S^uS^^y^y^^ concentration), a^ | 
^fSKoO liM ^H-labeled thymidine triphosphate sp a«^. 
jStSSS/i^l. Rcadionsweieimtiatedbyaddi^ 
0 125-0 25 unit of DNA polymerase L 

iB)Cu!frnyn,^DNAPoIyrr^aseaR^iio^.^^: 
^ 'a Li in 40 uL of solution coniaiumg 20 mM pf^u 

J^A.2. 6 .g of bovi^. serum albumin. L 
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MANUAL OF PATENT EXAMINING PROCEDURE 



MATTERS HANDLED CONCURRENTLY 
WITH APPEAL 

The Office does not acknowledge receipt of a 
notice of appeal by separate letter. However, if a self- 
addressed postcard is included with the notice of 
appeal, it will be date stamped and mailed- 
Form paragraphs 12.01-12.04 may be used to indi- 
cate defects in a notice of appeal. 

f 12.01 Notice of Appeal Unacceptable - Fee Unpaid 

The notice of appeal filed on f 11 is not acceptable because the 
appeal fee required under 37 CPR 1.1 7(b) was not filed, or was 
not timely filed. 

Applicant may obtain an extension of time under 37 CFR 
1 . 1 36(a) to file the appropriate appeal fee. The date on which the 
notice of appeal, the appeal fee, the petition under 37 CFR 
1 . 1 36(a), and the petition fee arc filed will be the date of the reply 
and also the date for determining the period of extension and the 
corresponding amount of the fee. In no case may an applicant 
reply later than the maximum SIX MONTH statutory period or 
obtain an extension pursuant to 37 CFR 1.136(a) for more than 
FTVE MONTHS beyond the date of reply set in an Office action. 

^ 12.02 Notice of Appeal Unacceptable - No 2nd Rejection 
The notice of appeal filed on fll is not acceptable under 37 
CFR 1.191(a) because [21. 

Examiner Note: 

In bracket 2, insert the following wording, as appropriate: 
--there has been no second or final rejection in this patent 
application-; 

-there has been no second or final rejection in this ex 
pane reexamination proceeding on a patent that issued from an 
original application tiled in the United States before November 
29, 1999--; or 

-there has been no final rejection (37 CFR 1.113) of the 
claims in this ex parte reexamination proceeding on a patent that 
issued from an original application filed in the United Stales on or 
after November 29, 1999-. 

f 12.03 Notice of Appeal Unacceptable - Not Timely Filed 
The notice of appeal filed on [11 is not acceptable because it 
was filed after the expiration of the period set in the prior Office 
action. This application will become abandoned unless applicant 
obtains an extension under 37 CFR 1 .136(a). The dale on which 
the notice of appeal, the appeal fee, the petition under 37 CFR 
1. 136(a), and the petition fee under 37 CfK 1.17(a) are filed will 
be the date of the reply and also the date lor determining the 
period of extension and the corresponding amount of the fee. In 
no case may an applicant reply later than the maximum SIX 
MONTH statutory period oroblain an extension pursuant to 37 
CFR 1 . 1 36(a) for more than FIVE MONTHS beyond the date of 
reply .set in an Office action. 



y J 2.04 Notice of Appeal Unacceptable - Claims 
The notice of appeal filed on U] is not acceptable 
notice of allowability was mailed by the Office on [21. 

1206 Appeal Brief 

37 CFR L 192. Appellant's brief 

(a) Appellant must, within two months from the 
notice of appeal under § 1.191 or within the time allow 
to the action from which the appeal was taken, if such t 
file a brief in triplicate. The brief must be accompanie 
set forth in § 1.17(c) and must set forth the authoritie 
ments on which appellant will rely to maintain the i 
arguments or authorities not included in the brief wif 
consideration by the Board of l^atent Appeals and In 
unless good cause is shown. 

(b) On failure to file the brief, accompanied by t 
fee, within the time allowed, the appeal shall stand dis 

(c) The brief shall contain the following items u 
priale headings and in the order indicated below unles: 
filed by an applicant who is not represented by a regis 
tioner: 

(1) Real party in interest. A statement idcntif; 
party in interest, if the party named in the caption of 
not the real party in interest. 

(2) Related appeals and interferences. A state 
fying by number and filing dale all other appeals or i 
known to appellant, the appellant's legal repres- 
assignee which will directly affect or be directly afl 
have a bearing on the Board's decision in the pending 

(3) Status of claims, A statement of the staH 
claims, pending or cancelled, and identifying the clair 

(4) Statu.s of amendments. A statement of the 
amendment filed subsequent to final rejection. 

(5) Summary of invent i(m. A concise explar 
invention defined in the claims involved in the appeal 
refer to the specification by page and line number 
drawing, if any, by reference characters. 

(6) Issues. A concise statement of the issues \ 

review. 

(7) Grouping of claims. For each ground 
which appellant contests and which applies to a groi 
more claims, the Board shall select a single claim frc 
and shall decide the appeal as to the ground of rejc 
basis of that claim alone unless a statement is inch 
claims of the group do not stand or fall together and. 
menl under paragraph (c)(8) of this section, appell 
why the claims of the group are believed to be separ 
able. Merely pointing out differences in what the cU 
not an argument as to why the claims are separately p 

(8) Argument. The contentions of appellant 
to each of the issues presented for review in paragr; 
this section, and the basis therefor, with citations ot 
ties, statutes, and parts of the record relied on. Each 
be treated under a separate heading. 
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. , (i) For each rejection under 35 U.S.C. 1 12, first para- 
@ph,.the argument shall specify the errors in the rejection and 
fe^e first paragraph of 35 U.S.C. 1 12 is connplied with, includ- 
ing^as appropriate, how the specification and drawings, if any, 

^ (A) Describe the subject matter defined by each of 
tfiefrejected claims, 

(B) Enable any person skilled in the art to make and 
us^Tthe subject matter defined by each of the rejected claims, and 
;*W (C) Set forth the best mode contemplated by the 
inventor of carrying out his or her invention. 

- (ii) For each rejection under 35 U.S.C. 112, second 
^agraph, the argument shall specify the errors in the rejection 
Syihow the claims particularly point out and distinctly claim the 
^ject matter which applicant regards as the invention. 

- (iii) For each rejection under 35 U.S.C. 102, the 
argument shall specify the errors in the rejection and why the 
rejected dairiis are patentable under 35 U.S.C. 102, including any 
^cific limitations in the rejected claims which are not described 
mjthe prior art relied upon in the rejection. 

, (iv) For each rejection under 35 U.S.C, 103, the 
ailment shall specify the errors in the rejection and, if appropri- 
ate, the specific limitations in the rejected claims which are not 
"described in the prior art relied on in the rejection, and shall 
explain how; such limitations render the claimed subject matter 
unobvious over the prior art. If the rejection is based upon a com- 
bihalion of references, the argument shall explain why the refer- 
ences, taken as a whole, do not suggest the claimed subject matter, 
and shall include, as may be appropriate, an explanation of why 
features disclosed in one reference may not properly be combined 
with features disclosed in another reference. A general argument 
that all the Umitations are not described in a single reference does 
not satisfy the requirements of this paragraph. 

. . (v) For any rejection other than those referred to in 
^graphs (c)(8)(i) to (iv) of this section, the argument shall spec- 
^ the errors in the rejection and the specific limitations in the 
rejected claims, if appropriate, or other reasons, which cause the 
^rejection to be in error 

{9) Appendix. An . appendix containing a copy of the 
cfaims involved in the appeal, 

:^ (d) If a brief is filed which does not comply with all the 
'■requirements of paragraph (c) of this section, appellant will be 
notified of the reasons for non-compliance and provided with a 
jperiod of one month within which to file an amended brief. If 
appellant does not file an aniended brief during the one-month 
period, or files an amended brief which does not overcome all the 
It'asons for non-compliance stated in the notification, the appeal 
will stand dismissed. 

: A ,*Where the brief is not filed, but within the period 
allowed for fihng the brief an amendment is presented 
which places the application in condition for allow- 
aaice, the amendment may be entered since the appli- 
cation retains its pending status during said period. 
Amendments should not be included in the appeal 



brief. Amendments should be filed as separate papers. 
See MPEP§ 1207, § 1215.01, and § 1215.02. 

TIME FOR FILING APPEAL BRIEF 

37 CFR 1.192(a) provides 2 months from the date 
of the notice of appeal for the appellant to file an 
appeal brief. Tn an ex parte reexamination proceeding, 
the time period can be extended only under the provi- 
sions of 37 CFR 1.550(c). See also MPEP § 2274. 

The usual period of time in which appellant must 
file his or her brief is 2 months from the date of 
appeal. The Office date of receipt of the notice of 
appeal (and not the date indicated on any Certificate 
of Mailing under 37 CFR 1 .8) is the date from which 
this 2 month time period is measured. See MPEP 
§512. However, 37 CFR 1.192(a) altematively per- 
mits the brief to be filed "within the time allowed for 
reply to the action from which the appeal was taken, if 
such time is later.'' These time periods may be 
extended under 37 CFR . 1.136(a), and. if 37 CFR 
1.1 36(a) is not available, under 37 CFR 1.136(b) for 
extraordinary circumstances. 

In the event that the appellant finds that he or she is 
unable to file a brief within the time period allotted by 
the rules, he or she may file a petition, with fee, to the 
Technology Center (TC), requesting additional time 
under 37 CFR 1.136(a). Additional time in excess of 
5 months will not be granted unless extraordinary cir- 
cumstances are involved under 37 CFR L136(b). The 
time extended is added to the calendar day of the orig- 
inal period, as opposed to being added to the day it 
would have been due when said last day is a Saturday, 
Sunday, or Federal hohday. 

If after an appeal has been filed, but prior to the 
date for submitting a brief, an interference is declared, 
appellant's brief need not be filed while the interfer- 
ence is pending, unless the administrative patent 
judge has consented to prosecution of the application 
concurrently with the interference. See MPEP 
§2315. Absent such concurrent prosecution, the 
examiner may, after the interference has terminated 
and the files have been returned to him or her, (A) set 
a 2-month period for filing the brief, or (B) withdraw 
the final rejection of the appealed claims in order 
to enter an additional rejection on a ground arising 
out of the interference. See, for example, MPEP 
§ 2363.03. Also, if the appellant was the losing party 
in the interference, claims which were designated as 
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corresponding to the lost count or counts will stand 
finally disposed of under 37 CFR 1 .663. 

When an application is revived after abandonment 
for failure on the part of the appellant to take appro- 
priate action after final rejection, and the petition to 
revive was accompanied by a notice of appeal, appel- 
lant has 2 months, from the mailing date of the Com- 
missioner's affirmative decision on the petition, in 
which to file the appeal brief. The time period for fil- 
ing the appeal brief may be extended under 37 CFR 
1.136. 

With the exception of a declaration of an interfer- 
ence or suggestion of claims for an interference and 
timely copying of claims for an interference, the 
appeal ordinarily will be dismissed if the brief is not 
filed within the period provided by 37 CFR 1.192(a) 
or within such additional time as may be property 
extended. 

A brief must be filed to preserve appellant's right to 
the appealed claims, notwithstanding circumstances 
such as: 

(A) the possibility or imminence of an interfer- 
ence involving the subject application, but not result- 
ing in withdrawal of the final rejecdon prior to the 
brief's due date; 

(B) the fihng of a petition to invoke the supervi- 
sory authority of the Commissioner under 37 CFR 
1.181; 

(C) the filing of an amendment, even if it is one 
which the examiner previously has indicated may 
place one or more claims in condition for allowance, 
unless the examiner, in acting on the amendment, dis- 
poses of all issues on appeal; 

(D) the receipt of a letter from the examiner stat- 
ing that prosecution is suspended, without the exam- 
iner withdrawing the final rejection from which 
appeal has been taken or suggesting claims for an 
interference, and without an administrative patent 
judge declaring an interference with the subject appli- 
cation. 

Although failure to file the brief within the permis- 
sible time will result in dismissal of the appeal, if any 
claims stand allowed, the appUcation does not become 
abandoned by the dismissal, but is returned to the 
examiner for action on the allowed claims. See MPEP 
§ 1215.04. If there are no allowed claims, the applica- 



tion is abandoned as of the date the brief was « 
Claims which have been objected to as depeito 
from a rejected claim do not stand allowed. In 
amination proceeding failure to file the briefM 
result in the issuance of the certificate under 31.|" 
1.570. 

If the time for filing a brief has passed anal 
application has consequently become abandone|i 
applicant may petition to revive the application^^ 
other cases of abandonment, and to reinstat^M 
appeal; if the appeal is dismissed, but the appiicatiO| 
is not abandoned, the petition would be to rei^^ 
the claims and the appeal, but a showing equi'valM 
that in a petition to revive under 37 CFR l^ffl^ 
required^ In either event, a proper brief musttel 
before the petition will be considered on its meri^ 

Where the dismissal of the appeal is beliewM 
in error, fiUng a petition, pointing out the error^M 
be sufficient. 

A fee under 37 CFR 1.17(c) is required whei 
brief is filed. 37 CFR 1.192(a) requires the^^i^ 
sion of three copies of the appeal brief. 



APPEAL BRIEF CONTENT 



The brief, as well as every other paper relatinjA 
appeal, should indicate the number of the Techij^g 
Center (TC) to which the application or P^tetaf 
reexamination is assigned and the application Pr^g 
amination control number. When the brief is r^c^ 
it is forwarded to the TC where it is entered in-,th^ 
and referred to the examiner. 



An appellant's brief must be responsive to ^ 
ground of rejection stated by the examiner. 

Where an appeal brief fails to. address any,r^ 
of rejection, appellant shall be notified by thef^^ 
iner that he or she must correct the defect by fijte^ 
brief (in triplicate) in compliance with "37S 
1.192(c)- See 37 CFR 1.192(d). Form para^ 
12.76-12.76.06 and 12.78, or form PTOL-462, M 
fication of Non-Compliance with 37 CFR i^i^M 
may be used to notify the appellant of the defiei& 
Oral argument at a hearing will not remedy sueffi^ 
ciency of a brief. The fact that appellant raayleoDdd 
a ground to be clearly improper does not justifyj ag 
ure to point out to the Board the reasons for| 
bfihef. '^^^^ 
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;.ifiling of paper entitled as a brief will 
^arily 'be- considered to be in compliance 
Tfeil.l^ mle requires that the brief 

^forth the authorities and arguments relied 
Smce itis essential that the Board should be 
Lwith a brief fully stating the position of the 
n^jWitii , respect to each issue involved in the 
mithat no search of the record is required in 
^f.dken^ that position, 37 CFR 1.192(c) 
ijireS(^atj the brief contain specific items, as dis- 
^^elow.'.t 

Eol xcfcption to the requirement that all the items 
fiBdjn..37 CFR 1.192(c) be, included in the brief 
^getif the; application or reexamination proceed- 
^Kbeing, prosecuted by the appellant pro se, i.e., 
^ , DO attorney or agent of record, and the brief 
Meither prepared nor signed by a registered attor- 
agents ;The brief of a pro se appellant which 
^not; contain all of the items, (I) to (9), specified 
p£;i?R 1.1^ will be accepted as long as it sub- 
Ally complies with the requirements of items (1), 
^Mnd '(8)...lf -the brief of a pro se appellant is 
pted^ it. will be presumed that all the claims of a 
^^^jgroup of claims stand or fall together unless 
Eggumentis included in the brief that presents rea- 
jg nsga s to >vhy the appellant considers one or more of 
palms in the rejected group to be separately pat- 
ES leffom the other claims in the group. 

[distinction niust be made between the lack of any 
^ffiptent and the presentation of arguments which 
fipo^conviction. In the former case, notification 
Pdefectiye appeal brief is in order, while; in the lat- 
^Sse, the.application or reexamination is forwarded 
Boajrd for a decision on the merits. As noted 
e,;the exMiiner may use form paragraphs 12.76- 
5.06 a^^^^ or form PTOL-462, "Notification 
^onjCompliance with 37 CFR 1.192(c)," to notify 
lellantthat the appeal brief is defective. 
|m,his:;Orher brief, appellant relies on some refer- 
, he or she. is expected to provide the Board with 
^ copies of it. 
leyipecific items required by 37 CFR L 192(c) 
ir' -^vc . ■ . ' .■ • .. 

Real. party in interest. A statement identifying 
sreal party in interest, if the party named in the cap- 
Eon^ of the -brief is not the real party in interest. If 
ellant does„not name a real party in interest, the 
^aminer will assume that the party named in the cap- 



tion of the brief is die real party in interest, i.e., the 
owner at the time the brief is being filed. 

The identification of the real party in interest will 
allow members of the Board to comply with ethics 
regulations associated with working in matters in 
which the member has a financial interest to avoid 
any potential conflict of interest. While the examiner 
will assume that the real party in interest is the indi- 
vidual or individuals identified in the caption when 
the real party in interest is not explicitly set out in the 
brief, nevertheless, the Board may require the appel- 
lant to explicitly name the real party in interest. See 
MPEP§ 1210.01. . 

(2) Related appeals and interferences. A statement 
identifying by application number and filing date all 
other appeals or interferences known to appellant, the 
appellant's legal representative, or assignee which 
will directly affect or be directly affected by or haye a 
bearing on the Board's decision in the pending appeal. 
The appeal or interference number should also be 
Usted. The statement is not limited to copending 
applications. If appellant does not identify ariy other 
appeals or interferences, the examiner will presume 
that there are none. While the examiner will assume 
that there are no related cases when no related case is 
explicitly set out in the brief, nevertheless, the Board 
may require the appellant to explicitly identify any 
related case. See MPEP § 1210.01. 
. (3) Status of Claims. A statement of the status of all 
the claims in the application, or patent under reexami- 
nation, i.e., for each claim in the case, appellant must 
state whether it is cancelled, allowed, rejected, etc. 
Each claim on appeal must be identified, 

(4) Status of Amendments, A statement of the status 
of any amendment filed subsequent to final rejection, 
i.e., whether or not the. amendment has been acted 
upon by the examiner, and if so, whether it was 
entered, denied entry, or entered in part. This state- 
ment should be of the status of the amendment as 
understood by the appellant. 

Items (3) and (4) are included in 37 CFR 1.192(c) 
to avoid confusion as to which claims are on appeal, 
and the precise wording of those claims, ^particularly 
where the appellant has sought to amend claims 
after final rejection. The inclusion of items (3) and (4) 
in the brief will advise the examiner of what 
the appellant considers the status of the claims and 
post-final rejection amendments to be, allowing any 
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disagreement on these questions to be resolved before 
the appeal is taken up for decision by the Board. 

(5) Summary of Invention. A concise explanation of 
the invention defined in the claims involved in the 
appeal. This explanation is required to refer to the 
specification by page and line number, and, if there is 
a drawing, to the drawing by reference characters. 
Where applicable, it is preferable to read the appealed 
claims on the specification and any drawing. While 
reference to page and line number of the specification 
may require somewhat more detail than simply sum- 
marizing the invention, it is considered important to 
enable the Board to more quickly determine where the 
claimed subject matter is described in the application. 

(6) Issues. A concise statement of the issues pre- 
sented for review. Each stated issue should corre- 
spond to a separate ground of rejection which 
appellant wishes the Board of Patent Appeals and 
Interferences to review. While the statement of the 
issues must be concise, it should not be so concise as 
to omit the basis of each issue. For example, the state- 
ment of an issue as ^'Whether claims 1 and 2 are 
unpatentable" would not comply with 37 CFR 
1.192(c)(6). Rather, the basis of the alleged unpatent- 
abihty would have to be stated, e.g., "Whether claims 
1 and 2 are unpatentable under 35 U.S.C. 103 over 
Smith in view of Jones," or "Whether claims 1 and 2 
are unpatentable under 35 U.S.C. 112, first paragraph, 
as being based on a nonenabling disclosure." The 
statement would be limited to the issues presented, 
and should not include any argument concerning the 
merits of those issues. 

(7) Grouping of Claims. For each ground of rejec- 
tion which appellant contests and which applies to a 
group of two or more claims, the Board shall select a 
single claim from the group and shall decide the 
appeal as to the ground of rejection on the basis of 
that claim alone, unless a statement is included that 
the claims of the group do not stand or fall together 
and, in the argument section of the brief (37 CFR 
1.192(c)(8)), appellant explains why the claims of the 
group are believed to be separately patentable. Merely 
pointing out differences in what the claims cover is 
not an argument as to why the claims are separately 
patentable. If an appealed ground of rejection applies 
to more than one claim and appellant considers the 
rejected claims to be separately patentable, 37 CFR 
1.192(c)(7) requires appellant to state that the claims 



do not stand or fall together, and to presenf 
appropriate part or parts of the argument <im 
CFR 1.192(c)(8) the reasons why they are cortsi 
separately patentable. 

The absence of such a statement and argumen 
concession by the applicant that, if the groim 
rejection were sustained as to any one of the'ij 
claims, it will be equally applicable to all of thC 
CFR 1.192(c)(7) is consistent with the practic^; 
Court of Appeals for the Federal Circuit iridip 
such cases as In re Young, 927 F2d 588,18 
1089 (Fed. Cir. 1991); In re Me ton. 816 F:2a 
2 USPQ2d 1525 (Fed. Cir. 1987); In re King 
1324, 231 USPQ 136 (Fed. Cir. 1986); and-M 
naker, 702 F.2d 989, 217 USPQ 1 (Fed. Cir. 
37 CFR 1.192(c)(7) requires the inclusion of; 
in order to avoid unsupported assertions of ; 
patentability. The reasons may be included 
appropriate portion of the "Argument" sectiofl 
brief For example, if claims 1 to 4 are rejected 
35 U.S.C. 102 and appellant considers claimf 
separately patentable from claims 1 to 3, he 
should so state in the "Grouping of claims" 
the brief, and then give the reasons for^sep 
entability in the 35 U.S.C. 102 portion of the'' 
ment" section (i.e., under 37 CFR 1.192(c) (8t 

Tn the absence of a separate statement 
claims do not stand or fall together, the Boar' 
assigned to the case will normally select the " 
claim in a group and will consider only that 
even though the group may contain two broad'c 
such as "ABCDE" and "ABCDF" The $an^ 
be true in a case where there are both broad ' 
and apparatus claims on appeal in the same 
The rationale behind the rule, as amended, is to 
the appeal process as efficient as possible. Thus^^ 
the Board will consider each separately argued^ 
the work of the Board can be done in at more e 
manner by selecting a single claim from a groi 
claims when the appellant does not meet the^ 
ments of 37 CFR 1.192(c)(7). 

It should be noted that 37 CFR 1.192(c)(7)"-^^ 
the appellant to perform two affirmative acts in 
her brief in order to have the separate patent 
a plurality of claims subject to the same rejecti" 
sidered. The appellant must (A) state 
claims do not stand or fall together and (B) 
arguments why the claims subject to the same 
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tipn are separately patentable. Where the appellant 
does neither, the claims will be treated as standing or 
gUing' together. Where, however, the appellant (A) 
emits the statement required by 37 CFR 1.192(c)(7) 
^"'presents arguments in the argument section of the 
Brief, or (B) includes the statement required , by 
37;CFR 1.192(c)(7) to the effect that one or more 
ciaiihs do not stand or fall together (i.e., that they are 
separately patentable) yet does not offer argiirrient in 
support thereof in the "Argument" section of the brief, 
ie appellant should be notified of the noncompliance 
as'per 37 CFR 1, 192(d), Ex parte Schier, 21 USPQ2d 
l6l'6 (Bd. Pat. App. & Int. 1991); £r p^rf^ Ohsumi, 
21 USPQ2d 1020 (Bd. Pat. App, & Int. 1991). 
^^'(8) Argument. The appellant's contentions with 
respect to each of the issues presented for review in 
irC¥K 1.192(c) (6), and the basis for those conten- 
tions, including citations of authorities, statutes, and 
parts of the record relied on, should be presented in 
dus section. 

■^ Included in this paragraph are five subparagraphs, 
(i) to (v). Subparagraphs (i) to (iv) concern the 
giounds of rejection most commonly involved in ex 
Vfl'"^^ appeals, namely, 35 U.S.C, 112, first and second 
paragraphs, 35 U.S.C. 102, and 35 U.S.C. 103. Sub- 
paragraph (v) is a general provision concerning 
grounds of rejection not covered by subparagraphs (i) 
to(iv). 

^ : ,Tht purpose of subparagraphs (i) to (iv) is to ensure 
that the appellant *s argument concerning each 
^pealed ground of rejection will include a discussion 
f of the questions relevant to that ground. Compliance 
: with the requirements of the particular subparagraphs 
: which are pertinent to the grounds of rejection 

f involved in an appeal will be beneficial bodi to the 
U. S, Patent and Trademark Office and appellants. It 
will not only facilitate a decision by the Board of 
I Patent Appeals and Interferences by enabling the 
I Board to determine more quickly and precisely the 
^: appellant's position on the relevant issues, but also 
will help appellants to focus their arguments on those 
c issues. 

For each rejection not falling under subparagraphs 
> (i) to (iv), subparagraph (v) provides that the argu- 
ment should specify the specific limitations in die 
rejected claims, if appropriate, or other reasons, which 
cause the rejection to be in error. This language recog- 
nizes that for some grounds of rejection, it may not be 
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necessary to specify particular claim limitations, for 
example, a rejection under 35 U.S.C. 101, on die 
ground that the claims are directed to nonstatutory 
subject matter, as in Ex parte Hibberd, 227 USPQ 443 
(Bd. Pat. App. & Inter. 1985). 

37 CFR 1 . 1 92(a) contains the following sentence: 

Any arguments or authorities not included in the brief will 
be refused consideration by the Board of Patent Appeals and 
Interferences, unless good cause is shown. 

This sentence emphasizes that all arguments and 
authorities which an appellant wishes the Board to 
consider should be included in the brief. It should be 
noted that arguments not presented in the brief and 
made for the first time at the oral hearing are not nor- 
mally entitled to consideration. In re Chiddix, 209 
USPQ - 78 (Comm'r Pat. 1980); Rosenblum v. 
///roj/i/ma, 220 USPQ 383 (CommV Pat. 1 983). 

37 CFR 1 .192(a) is not intended to preclude the fil- 
ing of a supplemental paper if new authority should 
become available or relevant after the brief was filed. 
An example of such circumstances would be where a 
pertinent decision of a court or other tribunal was not 
published until after the brief was filed. . - 

(9) Appendix. An appendix containing a copy of the 
claims involved in the appeal. . 

The copy of the claims required in the brief Appen- 
dix by 37 CFR 1.192(c)(9) should be a clean copy and 
should not include any markings such as brackets or 
underiining. See MPEP § 1454 for the presentation of 
the copy of the claims in a reissue application. 

The copy of the claims should be double spaced 
and the appendix should start on a new page. 

37 CFR 1.192(c) merely specifies the. minimum 
requirements for a brief, and does not prohibit the 
inclusion of any other material which an appellant 
may consider necessary or desirable, for example, a 
list of references, table of contents, table of cases, etc. 
A brief is in compliance with 37 CFR 1.192(c) as long 
as it includes items (1) to (9) in the order set forth 
(with the appendix, item (9), at the end). 

REVIEW OF BRIEF BY EXAMINER 

The question of whether a brief complies with the 
rule is a matter within die jurisdiction of the examiner 
37 CFR 1.192(d) provides that if a brief is filed which 
does not comply with all the requirements of para- 
graph (c), the appellant will be notified of the reasons 
for noncompliance. Appellant will be given the long- 
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